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F pnt of types of epileptic seizures is sometimes difficult, and 
often uncertain, owing to infrequent opportunities for the observa- 
tion of the attacks under conditions which permit an accurate descrip- 
tion of their manner of onset and pattern of progression. Hyperventila- 
tion has long been used as a simple and reliable method of inducing at- 
tacks in certain patients (especially those with idiopathic petit mal epi- 
lepsy) ; but this method is not of general value, since it induces seizures 
only in about 10 to 30 per cent of unselected epileptic patients. The 
pitressin hydration regimen of McQuarrie has been found more successful 
for the controlled induction of seizures, but it has the disadvantage of 
being a prolonged (twenty-four to forty-eight hours), disagreeable and 
often painful procedure. More important, when a seizure does occur, its 
onset is frequently missed because its time of occurrence is unpredictable, 
Alcohol, which may also induce seizure in certain patients, is less disagree- 
able, but even more uncertain, than hydration. 

The interseizure epileptiform discharges recorded and localized by 
means of the electroencephalogram have been a most important recent 
addition to the armanentarium of diagnostic aids in epilepsy. Even with 
this highly sensitive objective method, the nature of the seizures in a fair 
percentage of patients, variously estimated by different authors to be 
between 10 and 50 per cent, cannot be determined. This percentage is 
reduced by the combination of hyperventilation and hydration with elec- 
troencephalography, but there is needed a rapid and reliable method of 
inducing both the electroencephalographic signs and the clinical onset of 
a patient’s habitual seizure under controlled conditions.! 


From the Department of Neurology and Neurosurgery, McGill University, 
and the Montreal Neurological Institute. 
1. Intravenous administration of insulin was tried in the early part of the 
present study. It was found to increase epileptiform abnormality in the electro- 
(Footnote continued on next page) 
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As an addition to these methods, the injection of “metrazol” (penta- 
methylenetetrazol) was suggested by the work of Langeluddeke? and 
von Meduna,* and, more recently, by the studies of Goldstein and Wein- 
berg* and Sal y Rosas,® who used the drug as a clinical diagnostic aid 
without the electroencephalogram. Von Meduna found that most epi- 
leptic patients reacted with a convulsion when given 200 to 300 mg. by 
his method. All the patients required less than 500 mg., whilc none of the 
nonepileptic subjects (23 patients) reacted with a convulsion to less than 
500 mg.; the greatest amount required was 600 to 850 mg. Roismiser® 
expressed the belief that the test was useful in the medicolegal diagnosis of 
epilepsy. He found that 38 epileptic subjects responded with a typical 
seizure when given 300 mg. or less, whereas 18 nonepileptic subjects re- 
quired a larger dose. Larue and Pelletier’ found the “metrazol” test su- 
perior to hydration. Their method was to give 2 cc. of a 10 per cent 
solution (200 mg.) and repeat it at intervals if no seizure was produced. 
They stated that the dose must be above 3 cc. (300 mg.) to produce a 
convulsion in a nonepileptic patient. 


Other investigators have concluded that “metrazol” was misleading 
and without value in the diagnosis of epilepsy. Janz* reported positive 
results in 54 per cent of 33 epileptic patients given varying doses of the 
drug (300 to 600 mg.), whereas 37 per cent of a group of nonepileptic 


encephalogram, especially in the 3 per second wave and spike petit mal disorders, 
and to increase the sensitivity to hyperventilation, as observed previously by Gibbs, 
Gibbs and Lennox (Influence of the Blood Sugar Level on the Wave and Spike 
Formation in Petit Mal Epilepsy, Arch. Neurol. & Psychiat. 41:1111-1116 [June] 
1939) and others. However, the tendency of insulin to cause abnormal discharges 
to appear in the electroencephalograms of nonepileptic persons, and the great 
individual differences observed in sensitivity to insulin, make it generally an un- 
reliable aid in the diagnosis of epilepsy, except for certain patients whose attacks 
seem to be related to periods of hypoglycemia. 


2. Langeluddeke, A.: Ueber Cardiazolkrampfe, Ztschr. f. d. ges. Neurol. u. 
Psychiat. 161:347-348, 1938. 


3. von Meduna, L.: Diagnostico da epilepsia, Rev. neurol. e psychiat. de 
Sao Paulo 5:101-109, 1939. 


4. Goldstein, H. H., and Weinberg, J.: Metrazol as a Diagnostic Aid in 
Epilepsy, Am. J. Psychiat. 96: 1455-1458, 1940. 

5. Sal y Rosas, F.: Diferencias de la susceptibilidad convulsiva experimental 
en el Peru y en los paises Europeos, Rev. mex. psiquiat., neurol. y med. leg. 
10: 3-16, 1943. 

6. Roismiser, I.: El diagnéstico de la epilepsia mediante el pentametilenete- 
trazol, Semana med. 1:310-314, 1943. 

7. Larue, G. H.; and Pelletier, A.: Métrazol et épilepsie, Laval méd. 7:22- 
24, 1942. 


8. Janz, H. W.: Zur diagnostischen Verwertbarkkeit der Cardiazolkrampfe, 
Miinchen. med. Wchnschr. 84:471, 1937. 
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patients also reacted with a convulsion. Duensing® was able to produce 
seizures in only 21 (68 per cent) of a series of 31 epileptic patients with 
300 mg., whereas the incidence of seizures in feebleminded subjects was 
50 per cent with the same dose and 26 per cent in patients without signs 
of organic disease of the central nervous system. Coloma!® was unable to 
find a dose that was nonconvulsant for nonepileptic persons and convul- 
sant for patients with epilepsy. 

Langeluddeke? stated the belief that seizures induced with “metrazol” 
were the same as the patient’s spontaneous or habitual attacks and that 
the test was useful in differentiating essential and symptomatic epilepsy. 
He admitted that the test must be interpreted with great caution, since 
in his series of 53 nonepileptic patients there was an incidence of seizures 
of 23 per cent even when the dose was less than 300 mg. De Wildt!! also 
emphasized the similarity of spontaneous and artificial attacks induced 
with “metrazol.” Muyle,!? discussing the value of the “metrazol” test, 
expressed despair of finding a dose pathognomonic for epilepsy but ex- 
pressed the opinion that the convenience of the test and the higher per- 
centage of seizures in epileptic patients than in nonepileptic patients in- 
dicated that further investigation was warranted. Goldstein and Wein- 
berg* administered subcutaneously 500 mg. per hundred pounds (45 Kg.) 
of body weight to 34 epileptic patients with an incidence of seizures of 
47 per cent, while of 84 schizophrenic patients, only 1 reacted with a con- 


vulsion. On reexamination this patient presented signs of organic cere- 
bral disease. 


It was evident from the consideration of these results that the induc- 
tion of seizures with “metrazol” deserved further investigation as a 
method for the activation of latent electroencephalographic epileptiform 
activity and clinical seizures peculiar to the patient. These studies were 
begun by one of us (T.R.) in 1941 but were discontinued for four and a 
half years, during the war. 


CLINICAL MATERIAL AND METHODS 


Material.—The patients studied in this series were referred to the electroen- 
cephalographic laboratory of the Montreal Neurological Institute, either from the 
neurologic and neurosurgical services of this institute or from outside physicians 
and hospitals. There was a total of 130 epileptic patients and 42 nonepileptic, 


9. Duensing, F.: Darf der Cardiazol-Krampfanfall diagnostisch verwertet 
werden? Miinchen. med. Wchnschr. 84: 1011-1015, 1937. 

10. Coloma, T. A.: El cardiazol en el diagnostico de la epilepsia, Med. 
espan. 56:3-7, 1943. 

11. de Wildt, D. C. de Ryter: Behandeling van genuine epilepsie, Geneesk. 
tijdschr. v. Nederl.-Indié 80: 2579-2584, 1940; Biol. Abstr. 15:933-934, 1941. 

12. Muyle, G.: De la valeur de l’épreuve au cardiazol en tant que test diag- 
nostique de l’épilepsie, J. belge de neurol. et de psychiat. 38:525-529, 1938. 
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control, subjects. Only epileptic patients for whom the diagnosis was well es- 
tablished were included. Twenty-seven additional patients studied were excluded 
from this report because of uncertain clinical diagnosis or, in a few instances, be- 
cause of technically unsatisfactory electroencephalographic records. 

The electroencephalographic examinations were carried out according to the 
standard technics used in these laboratories.13 The epileptic patients were classi- 
fied on the basis of the pre-“‘metrazol” electroencephalographic record as follows: 


Group 1: Localized Spikes or Sharp Waves (56 patients): This type of 


activity characterizes superficial focal epileptogenic lesions of the convexity of the 
cortex. 


Group 2: Bilateral Random and Rhythmic Sharp Waves (18 patients): 
This type of activity, in our experience, has usually been associated with deep- 
seated epileptogenic lesions of the inferior surface of the temporal lobe, the island 
of Reil, the orbital or mesial surface of the frontal lobe or subcortical structures. 
These wave complexes, when rhythmic, occur most commonly at frequencies of 
either 2 to 2.6 or 4 to 6 cycles per second. This type includes the so-called petit 
mal variant pattern and some of the psychomotor patterns of Gibbs, Gibbs and 
Lennox.!4 The deep-seated origin of these electroencephalographic disturbances 
has been confirmed by Walter and Dovey,15 Cobb16 and Lennox and Brody.17 


Group 3: Diffuse Random Abnormality (13 patients): This type is char- 
acterized by generalized paroxysmal, rapid, multiple spike disturbances or diffuse, 
slow and sharp waves. Some of the patients in this group were shown to have 
diffuse organic abnormalities of the brain, while others had seizures of uncertain 
origin, but usually without signs of a localized cerebral lesion. Some may well be 
considered to have had idiopathic epilepsy. 


Group 4: Bilaterally Synchronous 3 per Second Waves and Wave Spike 
Complexes (22 patients): This is the classic eletroencephalographic pattern of 
idiopathic epilepsy common in cases of petit mal attacks or major generalized 
convulsions beginning with loss of consciousness. It is distingusihed from those 
bilateral disturbances described for group 2 by the precise regularity of its 3 per 
second rhythm, its perfect bilateral synchrony and symmetry from homologous 
areas of the two hemispheres and special features of the wave and spike com- 
plex which distinguish it from various types of the pseudo wave and spike pattern, 
sometimes confused with the true idiopathic forms. 

The epileptic patients were also classified on a clinical basis with respect 
to the history and form of the seizure, more or less independently of the electro- 


encephalographic pattern. For this purpose, the following preliminary general 
grouping of patients was employed. 


13. Jasper, H. H., and Kershman, J.: The Electroencephalographic Classifi- 
cation of the Epilepsies. Arch. Neurol. & Psychiat. 45:903-943 (June) 1941. 


14. Gibbs, F. A.; Gibbs, E. L., and Lennox, W. G.: Cerebral Dysrhythmias 
of Epilepsy, Arch. Neurol. & Psychiat. 39:298-314 (Feb.) 1938. 


15. Walter, W. G., and Dovey, V. J.: Electroencephalography in Cases of 
Sub-Cortical Tumours, J. Neurol., Neurosurg. & Psychiat. 7:57-65, 1944. 

16. Cobb, W. A.: Rhythmic Slow Discharges in the Electroencephalogram, 
J. Neurol., Neurosurg. & Psychiat. 8:65-78, 1945. 

17. Lennox, M., and Brody, B. S.: Paroxysmal Slow Waves in the Electro- 


encephalograms of Patients with Epilepsy and with Subcortical Lesions, J. Nerv. & 
Ment. Dis. 104: 237-248, 1946. 
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Group A: Focal Cortical Seizures (51 patients): This group consists of 
patients with focal cortical seizures arising from a wide variety of local cortical 
regions, as described by Penfield and Erickson.18 In addition to patients with 
focal sensory or motor onset, it includes patients with visual, auditory, vertigi- 
nous and hallucinatory auras, as well as patients with automatic behavior, often 
described as “psychomotor.” Patients with “psychomotor” seizures, in our ex- 
perience, usually have focal epileptogenic lesions in one temporal region. 


Group B: Idiopathic Epilepsy (38 patients): The following criteria were 
used in the selection of this group: (a) a clear genetic background; (6) occur- 
rence of generalized, nonfocal attacks in the absence of known organic cause, par- 
ticularly attacks of typical petit mal, with or without major seizures, and with 
onset before the age of 20, and (c) a classic, bilaterally synchronous wave and 
spike electroencephalographic pattern. 


Group C: Generalized Cerebral Seizures, Cause Unknown (41 patients): 


This is a miscellaneous group of patients who could not be placed in either of 
the preceding two groups on the basis of available data. 


Methods.—‘Metrazol”” was administered by three different methods: rapid 
intravenous injection, intramuscular injection and slow intravenous injection. The 
attempt was made to adjust the dose and mode of administration so as to produce 
clear activation of the patient’s characteristic epileptiform disturbance in the 
electroencephalogram and the aura or initial onset of the seizure, if possible with- 
out producing a major generalized convulsion. 


A change in the electroencephalogram following the injection of “metrazol” 
was considered significant if it consisted in the appearance of definite epileptiform 
discharges or an increase in their number of voltage. The occurrence of low volt- 
age, rapid waves or bursts of low voltage, 3 to 6 per second waves, was not con- 
sidered a significant response. The clinical response was considered of diagnostic 
significance if the patient’s habitual aura or onset of the seizure was reproduced. 


Further details of procedure are given under the separate presentation of the 
three methods of administering ‘‘metrazol.” 


RAPID INTRAVENOUS ADMINISTRATION 


Procedure.—Following the method introduced by von Meduna, rapid intra- 
venous injection of small amounts of “metrazol’’ was used in the first series of 55 
epileptic patients and 6 nonepileptic, control, subjects. For this initial study, 
epileptic patients were selected who showed clearly focal electroencephalographic 
abnormality (35 patients), bilaterally synchronous wave and spike patterns (15 pa- 
tients) or diffuse, random epileptiform discharges (5 patients). Patients with 
other types of electroencephalograms (normal or borderline and bilateral sharp 
waves) were not studied by this method. 

When these patients were classified according to the type of seizure pattern 
and the clinical history, 20 were shown to have focal attacks; 15, idiopathic epi- 
lepsy, and 20, nonfocal, generalized seizures of undetermined cause. 

The nonepileptic patients included 2 with schizophrenia, 1 with post-trau- 
matic headache, a sleepwalker, the twin of a patient with idiopathic epilepsy, and 
the father of a patient with migraine. 


18. Penfield, W., and Erickson, T. C.: Epilepsy and Cerebral Localization, 
Springfield, Ill., Charles C Thomas, Publisher, 1941, pp. 14-19. 
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The majority of the epileptic patients and the control subjects were given, 
by rapid intravenous injection (within three to five seconds), 1.1 or 1.2 cc. of a 
10 per cent solution of “metrazol” per hundred pounds (2.4 or 2.6 mg. per kilo- 
gram) of body weight. A few of the early patients received doses as small as 
0.5 cc. per hundred pounds (1.1 mg. per kilogram), and a few of the later pa- 
tients received as much as 2 cc. per hundred pounds (4.4 mg. per kilogram). 
Electroencephalograms were taken before, during and after the injection. Both 
subjective and objective responses of the patient were carefully noted. 


Results.—Epileptiform discharges in the electrocephalogram were 
induced or increased in 27 of the 55 epileptic patients (49 per cent). The 
latent period for the appearance of the epileptic discharge after com- 
pletion of the injection was eight to thirty-two seconds. The results ac- 
cording to the electroencephalographic classification are summarized in 
table 1 and may be described as follows: 


Localized Spikes or Sharp Waves (35 patients): Activation of the 
electroencephalographic activity occurred in 14 subjects (40 per cent), 
but in only 8 was it of a focal character, whereas in the other 6 patients 
the epileptiform abnormality appeared simultaneously from the two 
hemispheres. The pre-“metrazol” record for 3 of these 6 patients showed 
considerable bitemporal abnormality, in addition to a unilateral temporal 
focus. A fourth patient, with a frontal focus, had also considerable bi- 
lateral abnormality in the pre-“metrazol” electroencephalogram. On the 
electroencephalograms of the remaining 21 patients (60 per cent) the 
“metrazol” injection produced no apparent effect. 


Of the patients showing focal activation, 1 experenced his habitual 
aura, and in another it progressed to a major seizure. Two of the pa- 
tients with bilaterally simultaneous onset of electroencephalographic dis- 
turbance experienced their habitual aura, and 2 had nonfocal, general- 
ized convulsions associated with high voltage, multiple spike activity in 
the electroencephalogram. These convulsions were apparently regular 
“metrazol” seizures. In an additional 3 patients the habitual aura was 
reproduced without a detectable change in the electroencephalogram. 

Diffuse Random Abnormality (5 patients): One of the 5 patients in 
this group exhibited a small burst of irregular, high voltage waves with 
bilaterally simultaneous onset, while no change was observed in the 
electroencephalograms of the other 4 patients, although the habitual 
aura was reproduced in | instance. 

Bilaterally Synchronous Wave and Spike Patterns (15 patients) : 
One or more bursts of typical 3 per second wave and spike discharges 
were produced in the electroencephalograms of 12 of the 15 patients in 
this group (80 per cent), and no significant change occurred in those 
of the other 3 patients. Clinical seizures followed the electroencephalo- 
graphic abnormality in 5 patients, or in 33 per cent of the total group. 
Four had major convulsive attacks, and 1, a typical “petit mal” seizure. 
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The results according to the clinical classification of the patients are 
summarized in table 2. With the rapid administration of “metrazol” in 
these small doses, patients with idiopathic epilepsy showed a much higher 
frequency of the electroencephalographic activation (80 per cent) than 
did patients with focal seizures (45 per cent). The patients in the mis- 
cellaneous group, with generalized seizures of unknown cause, showed 
the lowest incidence of both electroencephalographic and clinical acti- 
vation (25 and 20 per cent respectively). There was no significant 
difference in the incidence of clinical activation between the group with 
idiopathic and the group with focal epilepsy. 

Nonepileptic, control, subjects (6 patients): No significant clinical 
or electroencephalographic changes were observed in the nonepileptic, 
control, subjects (table 2). Subjectively, the only experience reported 
by the patients was a momentary sensation of dizziness, described by 5 
of the subjects. 

Summary: Rapid intravenous injections of small doses of “metra- 
zol” activated characteristic epileptiform discharges in the electroen- 
cephalograms of 80 per cent of the patients with bilaterally synchronous 
wave and spike epilepsy. Of the group with focal seizures, however, only 
23 per cent showed activation of their focal discharges, while in 17 per 
cent there was produced an epileptiform discharge of bilateral, nonfocal 
onset. 

Generalized “metrazol” seizures were produced in 2 patients (5 per 
cent). Thus, these small doses of metrazol, rapidly administered, could 
occasionally produce generalized “metrazol” seizures in patients with ha- 
bitual focal epilepsy. However, they failed to produce a significant change 
in the electroencephalograms of 60 per cent of these patients. 

In a further effort to activate focal epileptogenic lesions, it seemed 
advisable to change the mode of administration, rather than to increase 
the dose, since it was probable that the latter would increase the per- 
centage of generalized “metrazol” seizures, and hence confuse the diag- 
nosis. 


INTRAMUSCULAR ADMINISTRATION 


Procedure.—Owing to the extreme rapidity with which a generalized sei- 
zure may be produced by rapid intravenous injection of “metrazol,” it was felt 
that a slower mode of administration might make it possible to study the onset 
of the seizure more completely. Consequently, in the next series of 25 epileptic 
patients and 5 nonepileptic, control, subjects, “metrazol” was administered intra- 
muscularly. 

The nonepileptic patients included 2 patients with neuroses, 1 patient with 
hysteria, 1 patient with syringobulbia and 1 patient with an old head injury, 
without residual disability. 

“Metrazol,” in 10 per cent solution, was given by intramuscular injection in 


doses of 2.5 to 3.1 mg. per hundred pounds (5.5 to 6.8 mg. per kilogram) of 
body weight. 
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Fig. 1.—Effects of intramuscular administration of 300 mg. (7.5 mg. per 
kilogram of body weight) of “metrazol’’ to L. M., a girl aged 15 years, with a 
history of major nonfocal seizures following meningitis. 


! shows sample tracings before and after injection of the “metrazol.” Note 
the increase in voltage of the abnormal wave complexes, the increase in duration 
of the bursts and the similarity in the wave form. 2 is a graph showing the in- 
crease in number of the abnormal discharges following the injection of “metrazol.” 
At A a patchy erythema of the trunk was noted; at B spasmodic colonic move- 
ments of the extremities occurred, and at C these movements were considerably 
increased. 
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Results—Epileptiform discharges were induced or increased in 17 
of the 25 epileptic patients (68 per cent). These electroencephalographic 
changes appeared after a delay of ten to fifteen minutes following the 
intramuscular injection (fig. 1). The results according to electroen- 
cephalographic and clinical classifications are summarized in tables 1 and 
2. This group was too small for detailed consideration to be of signifi- 
cance, since intramuscular injections were soon discontinued, as the ad- 
vantages of the method of slow intravenous injection became apparent. 
The intramuscular method, however, was superior to the rapid intra- 
venous method, since activation occurred more gradually and in none of 
the patients with focal epilepsy was a generalized “metrazol” effect pro- 
duced. In addition, the incidence of both electroencephalographic and 
clinical activation was, in general, somewhat higher with the intramus- 
cular method.) As in the previous group, none of the 5 nonepileptic, con- 
trol, subjects receiving the intramuscular injections showed any signifi- 
cant electroencephalographic or clinical disturbance. 


SLOW INTRAVENOUS ADMINISTRATION 


Procedure.—The intravenous injections were given slowly, over a period 
of five to twenty minutes, to 50 epileptic and 31 nonepileptic (control) subjects. 
The latter included 21 patients with schizophrenia, 3 with psychoneurosis, 2 with 
psychosis and mental deficiency, 1 with manic-depressive psychosis and 4 normal 
subjects (staff). 

The majority received a 2 per cent solution at the rate of 40 mg. per minute 
until significant electroencephalographic changes occurred, until the patient’s aura 
or onset of seizure was produced or until a maximum of 400 mg. had been given. 
In a few instances the rate was reduced to 20 mg. or increased to 50 mg. 
per minute. Concentrations of solutions between 4 and 10 per cent were also 
tried in a few instances. 

Injections were made intermittently at thirty second intervals, each dose be- 
ing given within about five seconds. Hyperventilation was used in some instances 
after the injection of a maximum dose of “metrazol’’ when it was necessary to 
enhance the activation of epileptiform discharge. No attempt was made to in- 
duce a major clinical attack in some cases, although such seizures occasionally 
occurred. Continuous electroencephalographic records and careful observations 
on the patients were made throughout, and the injection was stopped when a 
clear increase in epileptiform discharge was seen in the electroencephalogram. 
This was often associated with induction of the patient’s aura or an aborted onset 
of the patient's attack. 


Results—An epileptiform discharge was induced or increased in 40 
of the 50 epileptic patients (80 per cent). ‘“Metrazol” induced a defi- 
nite increase in epileptiform discharge in 33 (89 per cent) of the 37 epi- 
leptic patients who showed a well defined-abnormality in their pre-“metra- 
zol” electroencephalograms. Definite epileptiform electroencephalo- 
graphic disturbances were induced in 7 (54 per cent) of the 13 epileptic 
patients with normal or borderline normal pre-“‘metrazol” records. In 
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28 (56 per cent) there were also produced clinical signs of an abortive 
onset or a complete epileptic seizure. The clinical and electroencephalo- 
graphic results for each group of epileptic patients classified according 
to the pre-“metrazol” electroencephalogram are presented in table 1. 
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Fig. 2.—Effects of slow intravenous administration of 357 mg. of ‘“metrazol” 
(50 mg. per minute) to R. M., a youth aged 15 years, with a history of focal 
seizures starting during an attack of tonsillitis, at the age of 10 months. There was 
a focus of sharp waves in the right temporal region. 

I shows sample tracings before and during the injection of “metrazol.” 2 is 
a graph showing the increase in frequency of the sharp wave discharges produced 
by the “metrazol.” At A jerking of the left arm began; at B, with increasing bi- 
lateral discharges, there were jerking movements of both arms, and at C, with 
beginning cessation of the discharges, convulsive movements stopped. 
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Localized Spikes or Sharp Waves (14 patients): The slow adminis- 
tration of “metrazol” clearly activates a focal epileptogenic lesion selec- 
tively before significant generalized epileptiform changes occur. This 
is shown by the fact that all the 13 patients with focal epilepsy in whom 
there was definite induction of epileptic activity manifested it first by an 
increase in the discharges from the habitual focus (fig. 2). In no instance 
was there a generalized onset, nor were bilaterally synchronous wave and 
spike discharges produced. Of the 10 patients in whom clinical activa- 
tion occurred, 6 experienced their habitual aura alone, and in an addi- 
tional 4 patients the activation proceeded to a seizure which resembled 
the pattern of the habitual attacks. The remaining 4 patients showed no 
significant clinical response. 


The patient who failed to show either electroencephalographic or 


clinical activation received the usual intravenous injection of 400 mg. 
at the rate of 40 mg. per minute, followed by injection of an additional 
200 mg. at the rate of 80 per minute. This patient had had only 
two attacks, the first occurring one month before the electroencephalo- 
graphic examination. 

Bilateral Random and Rhythmic Sharp Waves (11 patients): Acti- 
vation of this type of discharge was produced in the electroencephalo- 
grams of all the patients in this group. In 6 (55 per cent) there was 
clinical activation as well. The latter consisted in the reproduction of 
the patient’s typical myoclonic jerks (4 patients), petit mal (1 patient) 
and the habitual sensory aura (1 patient). 

Diffuse Random Abnormality (7 patients): An increase in general- 
ized epileptiform abnormality was produced in the electroencephalo- 
grams of 4 patients (57 per cent). For 2 of these, tne types of generalized 
disturbance present in the pre-“metrazol” record was increased, whereas 
the third patient showed high voltage, 6 per second waves after the ad- 
ministration of “metrazol,” although these were not present in the rest- 
ing record; and the fourth patient showed typical bilaterally synchronous 
wave and spike discharges after injection of “metrazol,” whereas the 
pre-“metrazol” record had shown only a high voltage, multiple spike type 
of epileptiform abnormality. One patient had a generalized seizure with 
bilateral onset, both clinically and as judged by the electroencephalo- 
gram. In a second patient the sensory aura was clearly reproduced, al- 
though there were no detectable changes in her electroencephalogram. 
Electrocorticograms made at operation later showed that this patient had 
a definite focal epileptiform abnormality, although the previous re- 
cordings from the scalp had shown only a generalized disturbance. In 
the third patient in whom there was a clinical response the typical aura 
was likewise reproduced. 
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Bilaterally Synchronous Wave and Spike (5 patients): All 5 of these 
patients showed marked activation of the wave and spike discharges with 
reproduction of the characteristic wave form. (figs. 3, 4 and 5). This 
tended to occur somewhat earlier in the course of the injection than was 
the case with patients of the other groups, with the result that the aver- 
age dose of “‘metrazol” was lower in this group than in any of the others. 
This would seem to increase the significance of the electroencephalo- 
graphic activation in 100 per cent of the patients, even though the group 
consisted of only 5 patients. 


R. OCC PLL 
HYPERVENTILATION — 2 — MIN. 


METRAZOL- MG. 


50 SECONDS CONTINUOUS DISCHARGE 
CONTINUED 


— 


T 1000 WV | 


Fig. 3.—Effect of slow intravenous injection of 200 mg. of “metrazol” (2 per 
cent solution, given at a rate of 20 mg. every half-minute) in R. F., a boy aged 13 
years, with a history of petit mal and major nonfocal seizures since the age of 10 


years. Note the faithful reproduction of the wave form and the increase in length 
of the discharge. 


Clinical activation occurred in 3 patients (60 per cent). One pa- 
tient’s typical myoclonic seizure was reproduced; a second patient had a 
classic petit mal attack, and the third had a generalized seizure with a 
clinically bilateral onset following a series of wave and spike discharges. 
In the remaining 2 patients there was no obvious clinical response, al- 
though a definite increase in the electroencephalographic disturbance 
was noted in each. 
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Normal or Borderline Normal Activity (13 patients): Epileptiform 
activity appeared in the electroencephalograms of 7 patients (54 per 
cent) as a result of the slow intravenous administration of “metrazol.” 
In 3 of these records, typical 3 per second, bilaterally synchronous wave 


L. FRONTAL 


RESTING 


L. FRONTAL | 
nla 


R. OCC. - 


AFTER | MINUTE OF HYPERVENTILATION 


L. FRONTAL 


R. FRONTAL 


AFTER 180 mg METRAZOL 


Fig. 4 
Fig. 4.—Effect of slow intravenous injection of 400 mg. of ‘“‘metrazol” (2 per 
cent solution, given at a rate of 20 mg. every half-minute) in D. P., a youth aged 
18 years, with a history of two recent major nonfocal seizures. Note the reproduc- 
tion of wave form and increase in amplitude of the discharges. 


and spike discharges appeared. All 3 of these patients were considered 
to have idiopathic epilepsy. There was no clinical response in 2 patients, 
whereas in 1 patient a typical myoclonic seizure was produced. Localized 
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epileptiform discharges appeared in 2 patients, both of whose clinical at- 
tacks were focal in character. The habitual aura was reproduced in each 
of these patients. The remaining 2 patients had an abrupt onset of 
multiple spike and irregular, slow wave activity, which marked the onset 
of major nonfocal convulsive seizures. One of the patients was con- 
sidered to have idiopathic epilepsy, and the other had habitually a sen- 
sory onset, followed by a major seizure. One patient experienced the ex- 
act reproduction of his aura without apparent significant change in the 
electroencephalogram. 


The remaining 6 patients showed no significant epileptiform ac- 
tivity in the electroencephalogram after administration of “metrazol.” 
In 2 of these patients the spontaneous attacks occurred infrequently (at 
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Fig. 5.—Graph illustrating the effect of hyperventilation, injection of “metra- 
zol” and intravenous injection of trimethadione (“tridione’”’) on the number of 
wave and spike discharges per minute in the patient whose electroencephalogram 
is shown in figure 4. 


intervals of more than six months), and for 2 others the injections were 
discontinued after 100 and 240 mg., respectively, had been given because 
of the appearance of generalized muscular fasciculations, which were 
considered at the time to be an undesirable side effect. For another pa- 
tient the injections were discontinued through an error after only 100 
mg. had been given. 


This group, with normal or borderline normal electroencephalo- 
grams, represents patients for whom some form of activation is most 
needed from a diagnostic standpoint. These preliminary results indicate 
that in about one-half such patients characteristic epileptiform discharges 
may be produced by this method. Furthermore, the type of electroen- 
cephalographic disturbance obtained was in general consistent with the 
clinical impression of the type of epilepsy. Also, in about one-half these 
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patients, ““metrazol” induced minor or major clinical seizures which were 
similar to the habitual attacks. 


Correlation with Type of Clinical Setzure—aAs indicated in table 2, 
patients with idiopathic epilepsy are especially susceptible to the slow 
intravenous administration of “metrazol,”’ as shown by electroencephalo- 
graphic activation in 100 per cent of the 16 patients whose seizures were 
so diagnosed clinically. Of the other two groups of epileptic patients con- 
sidered in this table, the majority of whom had symptomatic epilepsy, 
electroencephalographic activation occurred in about 70 per cent, with a 
somewhat larger average dose of “metrazol.” 

The discrepancy between electroencephalographic and the clinical 
activation in the idiopathic group (100 and 56 per cent, respectively) 
may represent the difficulty in detecting the slight clinical manifestations 
which may accompany short bursts of wave and spike discharge in the 
electroencephalogram. In contrast with this group, patients with seizures 
of focal cortical onset nearly all showed some clinical sign of the onset 
of a seizure when activation of focal discharge in the electroencephalo- 
gram was present. 


Nonepileptic (Control) Subjects (31 Subjects) .1°— With the same 
method of administration (40 mg. per minute), the maximum dose of 
400 mg. was given to 29 of the control subjects, the other 2 receiving 
340 and 220 mg., respectively. Thirty of the 31 nonepileptic (control) 
subjects had no clinical manifestation of an epileptiform nature (table 1). 
The single exception was a schizophrenic patient who had had electro- 
shock therapy but no history of spontaneous seizures. In this patient the 
pre-“‘metrazol” electroencephalogram was obscured by muscle artefact, 
and after injection of the drug there were paroxysmal bifrontal 4 to 5 per 
second, high voltage, rhythmic waves, which were increased with hyper- 
ventilation and were followed after a few minutes by a generalized 
convulsive seizure. 

No significant alterations were produced in the electroencephalo- 
gram by “metrazol” in 23 of the 31 control subjects (74 per cent). 
Seven subjects had paroxysmal electroencephalographic disturbances 
induced without clinical manifestations of an epileptiform character. 
Three of these patients had paroxysmal abnormality in their pre-“metra- 
zol” electroencephalogram, being of focal character for 1 and diffuse for 
the other 2. These patients were schizophrenic, 1 having had electroshock 
therapy nine months before. For the remaining 4 patients the pre- 
“metrazol” records were considered within normal or borderline normal 
limits. With “metrazol,” 1 of these patients had short bursts of moderate 


19. Twenty-seven of the nonepileptic (control) subjects were obtained 
through the cooperation of Drs. Read and Skitch, of the Verdun Protestant Hos- 
pital, Montreal. 
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voltage, 6 per second activity; 2 patients had more prolonged bursts of 
3 to 6 per second bifrontal activity, and in 1 patient, with a history of 
seizures during insulin shock therapy, 2 per second, sharp and slow wave 
discharges were produced. 


In summary, of the 27 control subjects who had normal or border- 
line normal pre-“‘metrazol” electroencephalographic records, paroxysmal 
electroencephalographic disturbances were induced in only 4 (15 per 
cent), none of whom showed any clinical epileptiform manifestations. 
In the other control subjects, “metrazol” produced only a slight increase 


Taste 3.—Correlation of Results of “Metrazol” Injection with Frequency of 
Seizures, Medication, Age and Sex in 75 Patients Receiving “Metrazol” 
by Intramuscular or Slow Intravenous Route 


Activati 
Frequency of Seizures plc. of 


1 or more per mo. 34 (83%) 
1 to5 in6 mo. 16 (76%) 
Less than 1 in 6 mo. 7 (54%) 


Anticonvulsant medication 
No medication 44 
With medication . 13 


21 
20 

4 


34 (77%) _ 22 (50%) 
23 (74%) (55%) 


in frequency of the alpha rhythm and an increase in low voltage, rapid 
activity. 


NONSPECIFIC SIDE EFFECTS OF “METRAZOL” 


Certain nonspecific symptoms were induced with subconvulsive 
doses of “metrazol” in both the epileptic patients and the nonepileptic 
(control) subjects. These were most clearly seen with the slow intravenous 
administration, which allowed sufficient time for such effects to be noted. 
These symptoms are of importance, since they might well be confused 
with the aura of an epileptic attack. 


A severe burning pain was caused by the intramuscular and by the 


intravenous injection of a 10 per cent solution, but this was clearly due 
to the irritative action of the drug and was not observed with intra- 
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venous injections of more dilute solutions (2 to 5 per cent). The first 
symptom experienced with the dilute solutions was often a disagreeable 
acrid odor described as a “bad smell.” This was followed in some in- 
stances by vertigo and vague paresthesias (“tingling sensations”). Other 
general symptoms included apprehension, anxiety, general excitement, 
nausea and pallor, and in a few instances vomiting occurred. In 2 sub- 
jects, generalied muscular fasciculations followed relatively small noncon- 
vulsive doses. 


SUSCEPTIBILITY TO “METRAZOL” IN RELATION TO FREQUENCY 
OF SEIZURES, MEDICATION, AGE AND SEX 


Other factors which may have affected the susceptibility of individual 
epileptic patients to “metrazol” are considered. The results obtained for 
patients receiving metrazol by the intramuscular or the slow intravenous 
method are summarized in table 3. 


Frequency of Seizures——These 75 patients were divided into three 
groups according to the average frequency of seizures: (a) patients 
with seizures more frequent than one per month, (b) patients with one 
to five attacks in six months and (c) patients with attacks occurring less 
frequently than one in six months. If the frequency of attacks was re- 
lated to the seizure threshold, one might expect patients with very fre- 
quent attacks to be more susceptible to minimal doses of “metrazol.” 


That this was the case was evident from the larger percentage of positive 
responses, both electrencephalographic and clinical, in the group with the 
most frequent seizures (83 and 63 per cent, respectively), as compared 
with the group with the least frequent seizures (54 and 38 per cent). 


It may be of significance that 7 of the 13 patients with very infrequent 
seizures showed no evidence of epileptiform activity in the pre-“‘metra- 
zol” electroencephalograms, and for 5 of these 7 subjects we were unable 
to produce any significant change in the electroencephalograms with 
“metrazol.” It appears, therefore, that susceptibilty to “metrazol” may 
have some relation to seizure threshold. 


Medication.—Epileptiform discharges were less frequently induced 
in the 20 epileptic patients receiving phenobarbital and/or diphenyl- 
hydantoin medication at the time of examination. Electroencephalo- 
graphic activation occurred in only 65 per cent of these patients, as 
compared with 80 per cent of the 55 patients who were receiving no 
medication or for whom medication had been discontinued twenty-four 
hours or more prior to the examination. There was little difference in 
the percentage of clinical responses to “metrazol” in the group of pa- 
tients who were examined while receiving medication as compared with 
the group who were not receiving medication. This was probably be- 
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cause the amount of “metrazol” given was limited more frequently by 
adequate electroencephalographic activation and the injections were 
usually discontinued, in an effort to produce a clinical response. 


Age.—It appears from table 3 that patients over 40 years of age 
are less sensitive to “metrazol” than those in the younger age groups. 
One-half the subjects who failed to respond to “metrazol” also had in- 
frequent spontaneous seizures, and/or normal electroencephalograms. 
This is apparently related to the increased convulsive threshold which 
seems to occur in patients above 40 years of age, as noted by Golla, Gra- 
ham and Walter?° and by Gibbs, Gibbs and Lennox.?! 


Sex.—There was no significant difference in the response of male and 
of female patients. 


ACTIVATION OF EXPERIMENTAL FOCAL EPILEPOGENIC 
LESIONS IN MONKEYS 


In order to test further the action of “metrazol” on focal epilepto- 
genic lesions, the drug was administered to 7 monkeys (Macaca mulatta) 
in which such lesions had been experimentally produced by the applica- 
tion of alumina cream (a suspension of aluminum hydroxide in water) 
to the motor cortex, according to the method of Kopeloff, Barrera and 
Kopeloff.2? With the initial advice of these authors, the monkeys used 
in this study were prepared by Dr. Alfred Pope and Di. A. A. Morris for 
another series of investigations. The latter allowed us to study the re- 
sponses of these animals to “metrazol.” The alumina cream applied be- 
neath a linen disk to the surface of the motor cortex produced chronic 
lesions, which had the local electroencephalographic features (random 
spikes) characteristic of the focal epileptogenic lesions of the human cor- 
tex. After about three months the animals began to have chronic recur- 
ring jacksonian seizures, which later progressed to become generalized at- 
tacks, but always with focal onset. The seizures appeared spontaneously 
or were induced by excitement. 

All the 7 monkeys studied showed some random spike discharge 
periodically from the vicinity of the lesion produced by the alumina 
cream. Conducted disturbances were recorded from the homologous 
area of the opposite hemisphere. Five animals were having spontaneous 


20. Golla, F.; Graham, S., and Walter, W. G.: Electroencephalogram in 
Epilepsy, J. Ment. Sc. 83:137-155, 1937. 

21. Gibbs, F. A.; Gibbs, E. L., and Lennox, W. G.: Electroencephalographic 
Classification of Epileptic Patients and Control Subjects, Arch. Neurol. & Psychiat. 
50:111-128 (Aug.) 1943. 

22. Kopeloff, L. M.; Barrera, S. E., and Kopeloff, N.: Recurrent Convulsive 
Seizures in Animals Produced by Immunologic and Chemical Means, Am. J. Psy- 
chiat. 98:881-902, 1942. 
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jacksonian seizures at the time of the “metrazol” test. “Metrazol” was 
injected intramuscularly in doses of 10 to 16 mg. per kilogram of body 
weight. 

About five minutes after the injection of “metrazol” there occurred an 
increase in the localized spike discharge from the region of the lesion. In 
5 animals this was followed by a convulsive seizure of jacksonian onset 
almost identical with that of the animal’s spontaneous attacks without 
“metrazol.” In 3 of the animals the attack progressed, however, to a 


ONSET OF SPONTANEOUS SEIZURE 


ONSET OF SEIZURE AFTER METRAZOL 


An 


JT 00w 


Tse. 


Fig. 6.—Electroencephalograms from an unanesthetized Macaca mulatta mon- 
key four months after the instillation of alumina cream (aluminum hydoxide) over 
the left motor cortex. Note the similarity of pattern during the onset of the spon- 
taneous seizure and that of the seizure induced with “metrazol.” Spike discharges 
arose from the region of the lesion, and temporally dispersed, sharp waves were re- 
corded from the opposite hemisphere with both types of seizures. 


severer generalized seizure than was usually observed in these animals’ 
spontaneous attacks. In 1 animal the dose happened to be just sufficient 
to produce only a minor, abortive jacksonian attack, without progression 
to a generalized attack. This was identical with his spontaneous at- 
tacks. 

One animal was of particular interest, since “metrazol” was admin- 
istered in a relatively large dose (20 mg. per kilogram) one month after 
placement of the alumina disk, before any spontaneous attacks had oc- 
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curred. At this time there was a slight increase in the electroencephalo- 
graphic abnormality, but no convulsive seizure occurred. One month 
later, at which time no spontaneous attacks had yet occurred, “‘metra- 
zol” was again administered intramuscularly at only one-half the previous 
dose (10 mg. per kilogram). On this occasion there was a much greater 
initial activation of local spike discharges in the electroencephalogram, 
followed by a convulsive seizure of jacksonian onset. The animal was 
subsequently seen to have many spontaneous jacksonian seizures of the 
same form. In another animal, in which an alumina cream pellet had 
been implanted in the motor cortex, no spontaneous seizures occurred dur- 
ing eight months’ observation, but activation of the cortical focus and 
a jacksonian seizure could be induced with “metrazol.” 


The electroencephalograms taken during the “metrazol” seizures re- 
sembled those of the spontaneous attacks very closely (fig. 6), except 
that in some instances the rapidity of spread, both to adjacent cortical 
areas and to the contralateral cortex, was more rapid and more extensive 


with “metrazol” than it was in the spontaneous attacks observed and 
recorded. 


It is felt that if the slow intravenous method had been used with the 
monkeys, giving a better control of the rate and amount of “metrazol” 
injected, the character and severity of the spontaneous seizures could 
have been reproduced more closely than they were with the intramus- 
cular method. However, the facts that in all instances the seizures were 
of jacksonian onset, were similar to the spontaneous attacks and began 
at the site of the lesion produced by the alumina cream are sufficient 
proof that experimental local epileptogenic lesions of this type are sen- 
sitive to “metrazol.” Effective doses two to three times as large were re- 
quired to produce convulsions in 14 normal monkeys whose seizure 
thresholds were being studied for another series of experiments. 


COMMENT 


It is clear from the preceding results that the slow intravenous in- 
jection of “metrazol” is the method of choice for the activation of a pa- 
tient’s habitual or characteristic pattern of epilepsy, as judged either by 
the electroencephalogram or by the manner of onset of the clinical 
seizure.2* With this method, the concentration of the drug in the brain 


23. Since this manuscript was submitted for publication, there has appeared 
in the November 1947 issue of the Arcuives, page 533, an important contribution 
by Kaufman, Marshall and Walker, entitled “Activated Electroencephalography.” 
Only patients with post-traumatic epilepsy were studied, but in about 44 per cent 
of 97 patients “metrazol’”’ provided a satisfactory activation of focal discharge in 
the electroencephalogram. Of the several methods employed, administration of 
“‘metrazol” was considered to be the most satisfactory, when rapid intravenous in- 
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is gradually built up, with the result that a predisposed area becomes 


activated before the entire brain is “seized” by a generalized epileptic dis- 
charge. When large doses are given by rapid intravenous injection, this 
generalized discharge occurs so rapidly that there is no time for selective 
activation of an habitual epileptic process. Undoubtedly, the spread of 
epileptic discharge from an activated focus is also facilitated by the ac- 
tion of “‘metrazol” on the entire brain. With the proper rate of adminis- 
tration, however, “metrazol” may simply aid in the “self facilitation” 
which characterizes the epileptic process once it has begun. This sug- 
gests that investigation of the mode of action of “metrazol” might shed 
light on the mechanism of spontaneous seizures in epileptic patients. 
Unfortunately, little is known concerning the fundamental physico- 
chemical action of “metrazol” on the brain which might explain its con- 
vulsant properties. Results have been contradictory in regard to the 
effect of “metrazol” on cerebral blood flow and oxygen metabolism. 
For example, Hall?‘ reported a striking decrease in blood flow in 
the carotid artery and the meningeal branch of the jugular vein in 
the rabbit with the onset of a “metrazol” convulsion, while Forbes and 
Nason,?> by observation of cerebral vessels through a window in the skull, 
did not find constant vasoconstrictor effect, but more often noted vasodi- 
latation. Jasper and Erickson,*® studying focal cerebral blood flow, hy- 
drogen ion concentration and electrical discharges following the injection 
of “metrazol” in the cat, concluded that the increased blood flow 


jection (200 mg.) was used. We have since modified our technic for routine use, 
owing to the number of epileptic patients who are resistant to “metrazol” when 
administered at the slow intravenous rate (40 mg. per minute) recommended in 
this report. An attempt to adjust the dosage to body weight should also be made. 
We are now beginning with a rapid initial dose of 1 mg. per pound (2.2 mg. per 
kilogram) of body weight, which is followed in thirty seconds by another dose of 
0.5 mg. per pound (1.1 mg per kilogram) of body weight and successive doses of 
0.5 mg. per pound, every thirty seconds, until adequate electroencephalographic 
activation is obtained, or, if desired, until a clinical seizure is produced. The maxi- 
mum dose is usually limited to a total of 4 mg. per hundred pounds (45 Kg.). 
Even with this more rapid method and with large doses, certain patients seem 
remarkably resistant. With the large doses, “‘metrazol’’ seizures may be induced 
which have no significance relative to the patient’s habitual seizures. Consequently, 
we are still in need of a more satisfactory method of activation. The use of sleep, 
natural or induced with barbiturates, has only a limited usefulness in our exper- 
ience, and it is not effective for the controlled observation of the form of clinical 
seizures. 

24. Hall, G. E.: Physiological Studies in Experimental Insulin and Metrazol 
Shock, Am. J. Psychiat. 95:553-566, 1938. 

25. Forbes, H. S., and Nason, G. I.: Effect of Metrazol on Cerebral Vessels, 
Proc. Soc. Exper. Biol. & Med. 43:762-765, 1940. 

26. Jasper, H. H., and Erickson, T. C.: Cerebral Blood Flow and fa in 
Excessive Cortical Discharge Induced by Metrazol and Electrical Stimulation, J. 
Neurophysiol. 4: 333-347, 1941. 
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and changes in the fy occurred as a result of the excessive cortical ac- 
tivity and were not related to the mechanism of the convulsant action 
of “metrazol.” 

In studies on the action of “metrazol” by direct recording of local 
oxygen tension in the cortex with a noble metal electrode, Davis, McCul- 
loch and Roseman?’ reported an initial drop in oxygen tension before 
the onset of the electrical discharge. Recent studies with modifications 
of this technic by Davies and Remond?® showed that the electrical dis- 
charge appears before the changes in oxygen tension. Therefore, as with 
the px and the blood flow, changes in oxygen tension seem to occur 
as a result of excessive cortical discharge and may not be related to the 
mechanism of “metrazol” action. In vitro studies by MacLeod and 
Reiss*® and Elliott and Libet®® failed to show any significant effect of 
“metrazol” on the rate of respiration of brain tissue at concentrations of 
the drug likely to be found in vivo. 

The extreme rapidity of action of convulsant doses of “‘metrazol” when 
given by rapid intravenous injection is similar to the effect produced by 
electroshock. This suggests a direct action on the polarization or permea- 
bility of the nerve cell membranes, rather than an indirect action through 
changes in circulation of oxygen metabolism. This concept received some 
confirmation in the studies of Spiegel and Spiegel-Adolph®! on changes 
in permeability of the brain, as determined by electrical impedance 
measurements during “metrazo]” seizures in guinea pigs, and is in ac- 
cord with the interpretation given by Goodwin, Kerr and Lawson*? of their 
electrocorticographic studies on the action of “metrazol” on the cortex 
of the rabbit. It is of interest to recall, in this regard, the deductions 
made by McQuarrie, Manchester and Husted** from the results of care- 


27. Davis, E. W.; McCulloch, W. S., and Roseman, E.: Rapid Changes in 
0, Tension of Cerebral Cortex During Induced Convulsions, Am. J. Psychiat. 100: 
825-829, 1944. 

28. Davies, P. W., and Remond, A.: Changes in the Oxygen Tension of the 
Cerebral Cortex of the Cat During Experimentally-Induced Convulsions, A. Re- 
search Nerv. & Ment. Dis., Proc., 1946, to be published. 


29. MacLeod, L. D., and Reiss, M.: Brain Respiration and Glycolysis in 
Cardiazol Convulsions, J. Ment. Sc. 86: 276-280, 1940. 


30. Elliott, K. A. C., and Libet, B.: Studies in the Metabolism of Brain 
Suspensions: I. Oxygen Uptake, J. Biol. Chem. 143: 227-246, 1942. 

31. Spiegel, E. A., and Spiegel-Adolph, M.: Permeability Changes in the 
Brain Induced by Metrazol and Insulin Convulsions, J. Nerv. & Ment. Dis. 93: 
750-755, 1941. 


32. Goodwin, J. E.; Kerr, W. K., and Lawson, F. L.: Bioelectric Responses 
in Metrazol and Insulin Shock, Am. J. Psychiat. 96: 1389-1405, 1940. 


33. McQuarrie, I.; Manchester, R. C., and Husted, C. A.: A Study of 


Water and Mineral Balances in Epileptic Children, Am. J. Dis. Child. 43: 1519- 
1543 (June) 1932. 
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fully controlled hydration studies on epileptic patients, from which they 
postulated that an inherent defect in the mechanism for regulating 
permeability of nerve cells is characteristic of epilepsy. 

Although the average epileptic patient is more susceptible to “metra- 
zol” than is the average nonepileptic subject, this is not always true. Some 
epileptic patients seem resistent to large doses (800 mg. by slow intra- 
venous injection in a recent patient) which would produce a seizure in 
an occasional subject who had no previous history of epilepsy. ““Metrazol” 
must be used with caution, therefore, as an aid to the differential diag- 
nosis of epilepsy, in contrast with other conditions, such as hysteria or 
syncope. 

It should be emphasized that only the induction of definite epilep- 
tiform patterns in the electroencephalogram, such as spikes, sharp waves 
or high voltage wave and spike sequences, can be considered definitely 
diagnostic of epilepsy. The appearance of minimal changes in the 
electroencephalogram, such as short bursts of 4 to 6 per second waves 
or other minor, nonspecific irregularities, must be interpreted with cau- 
tion, since such changes may be observed with the same amount of 
“metrazol” in many nonepileptic subjects.** 

These preliminary studies indicated that the optimum rate of admin- 
istration of “metrazol” in 2 per cent solution was about 40 mg. per min- 
ute. It is probable that further studies may make it advisable to alter this 
rate for individual patients; for example, it might be better to use a 
slower rate for children or for patients with very frequent seizures or to 
increase this rate for older patients or for patients with few attacks. The 
amount of medication might also be an indication for altering the rate 
of administration and the maximum dose employed. It should be em- 
phasized that the maximum dose employed is a function of the rate of 
administration; the more rapid the rate, the less the amount required 
to produce a given effect. Maximum doses given by the slow intravenous 
method cannot be directly compared with those given by rapid intra- 
venous injection. 

In our experience, the slow intravenous administration of “metrazol” 
is of greatest value for the analysis of the type of epilepsy in a given pa- 
tient, particularly in the differentiation of idiopathic and symptomatic 
epilepsy in patients whose electroencephalogram is normal or equivocal or 


34. After the completion of this study, investigations of a minimal electro- 
encephalographic response to “metrazol” in epileptic and in control subjects was 
reported by Ziskind and Bercel (Studies in Convulsive Thresholds: II. Convulsive 
Threshold in Epileptics and Non-Epileptics, Tr. Am. Neurol. A., 1946, to be pub- 
lished) at the meeting of the American Neurological Association in June 1946, and 
the manuscript was provided by these authors. Their method, recently described 
in Science (104:462-463, 1946), is similar in some respects to the slow intra- 
venous method used in our studies. 
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in those whose attacks are of uncertain form and have not been ade- 
quately observed. The facility with which the bilaterally synchronous 
wave and spike pattern is induced with relatively small doses of “‘metra- 
zol” in patients with idiopathic epilepsy, and not in patients with symp- 
tomatic epilepsy, makes this test of critical value. Furthermore, the 
focal activation of a superficial epileptogenic lesion makes possible more 
extensive and accurate electroencephalographic study and permits the 
observation of the aura or onset of the seizure itself under controlled con- 
ditions. 

There is another observation of theoretic interest which may be 
made from the data of these studies, namely, that patients with bilater- 
ally synchronous electroencephalographic disturbances, either idiopathic 
or resulting from deep-seated epileptogenic lesions probably involving sub- 
cortical structures, are more susceptible to “‘metrazol” than patients with 
seizures which are of superficial cortical onset. This observation sug- 
gests not only that the onset of the petit mal discharge, for example, 
may also be in subcortical structures, as was previously suggested by 
Jasper and Kershman’’ and Penfield and Erickson,** but that subcortical 
regions of the brain may be more sensitive to activation by “metrazol.” 


SUMMARY AND CONCLUSIONS 


Electroencephalographic and clinical responses to “metrazol” were 
studied in 132 epileptic patients and in 42 nonepileptic, control, sub- 
jects in the attempt to develop a method for the activation of epileptic 
discharge for diagnostic purposes. Three modes of administration of 
“metrazol” were studied in separate groups of patients: rapid intra- 
venous injection, intramuscular injection and slow intravenous injection 
of a 2 per cent solution at the rate of 20 mg. each half-minute. Monkeys 
with experimentally produced focal epileptogenic lesions were also 
studied. 


The method of rapid intravenous injection of small doses of the 10 
per cent solution was discarded because of the abrupt onset of its con- 
vulsant action, making observations on the form of onset of the epileptic 
pattern difficult, and because of the difficulty in regulating the optimum 
dose required. Some generalized “metrazol seizures” were obtained in 
epileptic patients whose habitual attacks were of focal onset. 

Intramuscular injection of a 10 per cent solution was more satis- 
factory as a method for the activation of the patient’s habitual pattern of 
electroencephalographic disturbance and form of clinical seizure,’ but 
the injections were painful and the dosage was difficult to assess and to 
control. 


35. Penfield and Erickson,!8 pp. 137-142, 210-215 and 470-471. 
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The slow intravenous injection of the dilute solution was not painful, 
produced a gradual activation of epileptiform disturbance in the electro- 


encephalogram and often induced the aura or onset of the patient’s ha- 


bitual clinical seizure, at which time the injection could be stopped (and 
phenobarbital administered) before a severe generalized attack occurred. 
Major seizures did occur, however, in a few patients. The principal re- 
sults may be summarized as follows: 

1. Epileptiform discharge was increased or induced in the electro- 
encephalogram of 80 per cent of the epileptic patients studied with the 
slow intravenous method. A clinical response revealing the nature of 
the onset of the patient’s spontaneous attacks occurred in 56 per cent of 
these patients. 

2. An epileptiform seizure occurred in only 1 (3 per cent) of the 
nonepileptic (control) subjects given the maximum dose of 400 mg. of 
“metrazol” in the same manner. Paroxysmal 4 to 6 per second, bilater- 
ally synchronous slow wave disturbances occurred in the electroen- 
cephalograms of 26 per cent of the control subjects. There was some evi- 
dence that this response indicated a low convulsive threshold, but the ef- 
fect was considered nonspecific with regard to the diagnosis of clinical 
epilepsy. 

3. Susceptibility to “metrazol” seemed related to the patient’s con- 
vulsive threshold, since it was decreased in patients with infrequent 
seizures and in those receiving anticonvulsant medication at the time of 
the examination. Patients over 40 years of age seemed less susceptible. 

4. Patients with idiopathic epilepsy, especially with a bilaterally 
synchronous wave and spike electroencephalographic pattern, were most 
sensitive to “metrazol.” Patients with bilaterally synchronous electroen- 
cephalographic disturbances were more sensitive than those with super- 
ficial focal epileptogenic lesions of the cortex. 


5. “Metrazol” slowly administered in small doses served to activate 
experimentally produced focal epileptogenic lesions of the cortex in mon- 
keys and to induce seizures of focal motor onset. 


6. The slow intravenous injection of dilute solutions of “metrazol” 
has definite advantages over other methods now available for the induc- 
tion of seizures in epileptic patients. When used in conjunction with the 
electroencephalograph, it makes possible a clear diagnosis in many cases 
in which the nature of the seizures has previously been obscure. 


Montreal Neurological Institute. 
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ROLE OF AFFERENT IMPULSES IN EXPERIMENTAL CONVULSIONS 


E. GELLHORN, M.D., Ph.D. 
AND 


H. M. BALLIN, Ph.D. 
MINNEAPOLIS 


LTHOUGH clinical evidence on the effect of afferent impulses in 
either precipitating or preventing epileptic attacks has been pre- 
sented since the time of Hughlings Jackson! (for more recent studies see 
Holmes,* Thomas* and Walshe‘), little experimental work has been done 
which throws light on the mechanisms involved. Franck® stated that 
stimulation of the occipital cortex may produce convulsive activity after 
the motor cortex has been sensitized through a previous stimulus which 
induced a convulsive seizure. These impulses seem to act on the motor 
cortex, since extirpation of the ipsilateral motor area prevents this effect 
(Rosenbach and Danillo®). Franck stated also that stimulation of sensory 
nerves may precipitate seizures. Amantea’ observed that movements can 
be evoked in dogs after a receptive zone in the sensorimotor cortex has 
been strychninized. Furthermore, he claimed that in “hypersensitive” dogs 


such stimuli may produce generalized convulsions. More recently, Adrian 


This study was aided by a grant of the United States Navy, Office of Research. 


From the Laboratory of Neurophysiology, Department of Physiology, Univer- 
sity of Minnesota. 

1. Taylor, J.; Holmes, G., and Walshe, F.M.R.: Selected Writings of John 
Hughlings Jackson, London, Hodder & Stoughton, Ltd., 1931. 

2. Holmes, G.: Local Epilepsy, Lancet 1:957-962, 1927. 

3. Thomas, A.; Menuau and de Ajuriaguerra: Crises d’épilepsie tonique 
spontanées ou provoquées chez malades atteints d’une affection organique des 
centres nerveaux, Rev. neurol. 74:171-172, 1942. 


4. Walshe, F.M.R.: On the Mode of Representation of Movements in the 
Motor Cortex, with Special Reference to “Convulsions Beginning Unilaterally,” 
Brain 66: 104-136, 1943. 


5. Franck, F.: Fonctions motrices du cerveau, Paris, 1887. 


6. Rosenbach, and Danillo, cited by Luciani, L.: Human Physiology, Lon- 
don, Macmillan & Co., Ltd., 1911-1921. 


7. Amantea, G.: Ueber experimentelle beim Versuchstier infolge afferenter 
Reize erzeugte Epilepsie, Arch. f. d. ges. Physiol. 188: 287-297, 1921. 
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and Moruzzi‘* showed that an increase in the frequency of discharges 
originating in the convulsant cortex occurred in pyramidal fibers as the 
result of afferent stimulation. 

One finds likewise reference to emotion as one of the factors possibly 
involved in the precipitation of a convulsive attack in man, although no 
experimental work seems to have been done on this problem. 

It was therefore decided to study the effect of afferent impulses on 
picrotoxinized cats in order to determine whether these factors are able 
to precipitate convulsions or to increase the intensity of convulsions which 
have been induced prior to stimulation. Electrical or mechanical stimu- 
lation of the sciatic nerve was used; in addition, the effect of stimulation 
of the hypothalamus was studied, since this area is known to be involved 
in emotional processes. The simultaneous study of cortical and hypo- 
thalamic potentials was undertaken in an attempt to throw light on the 
mechanisms involved. 
PRESENT STUDY 


Method.—The experiments were performed on more than 40 cats, most of 
which were anesthetized with a solution of 5, 5-diallylbarbituric acid and ure- 
thane8 (“dial with urethane”), 0.45 cc. per kilogram of body weight injected 
intraperitoneally. Cortical and hypothalamic potentials were recorded with mono- 
polar or bipolar silver electrodes through a four channel Offner crystograph after 
adequate amplification. The cortical areas included motor, sensory projection and 
suppressor areas. Clips were inserted into the skin of the foreleg and hindleg, and 
the potentials resulting from movement were amplified and recorded. The Good- 
win stimulator, supplying condenser discharges, was used at appropriate voltages, 
mentioned in the individual experiments. The frequency of stimulation was 90 per 
second unless stated otherwise. Picrotoxin was injected intravenously slowly in 
quantities of 0.1 and 0.2 mg., and the effect of afferent impulses elicited by stimu- 
lation of the sciatic nerve or the hypothalamus was studied at various levels of 
pictrotoxinization. In a series of animals the development of convulsions and the 
influence of afferent stimuli on cortical potentials were studied after the intra- 
venous injection of “‘intocostrin’’.® 

The posterior portion of the hypothalamus was stimulated with condenser 
discharges at an intensity adequate to elicit a distinct or maximal contraction of 
the nictitating membrane and dilation of the pupil. No skeletal movements were 
seen from the stimulation under control conditions. Stimulation of the sciatic nerve 
either electrically (by condenser discharges) or mechanically (by ligation of this 
nerve) resulted in pupillary dilatation and increased rate of respiration. 


Results.—At various levels of picrotoxin poisoning, accomplished by 
intravenous injectior’ of this drug, either the hypothalamus or the sciatic 


7a. Adrian, E. D., and Moruzzi, G.: Impulses in the Pyramidal Tract, J. 
Physiol. 97: 153-199, 1939. 

8. Each cubic centimeter contains 1 Gm. “dial,” 0.1 Gm. urethane and 0.4 
Gm. monoethylurea. 

9. “Dial” and “intocostrin” (a preparation containing therapeutically de- 
sirable products of raw curare) were supplied by Ciba Pharmaceutical Products, 
Inc., and E. R. Squibb & Sons, respectively. 
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nerve was stimulated, and the effect was studied with regard to convul- 
sive movements and to brain potentials. In numerous instances such 
stimulation caused transient convulsive movements. This precipitation of 
convulsive movements was not confined to the period of the stimulation 
but continued for various lengths of time afterward. The duration of the 
effect was apparently related to the strength of the stimulation and was 
greatest when ligation of the sciatic nerve was employed. The level of 
picrotoxin poisoning at which this phenomenon occurred varied widely 
in different animals, although the methods of anesthetization were uni- 
form. By repeating the injections of picrotoxin at suitable intervals, it 
was possible to show several times in the same animal that convulsions 
may be precipitated by sciatic or hypothalamic stimulation. When these 


Fig. 1.—Effect of stimulation (<->) of the contralateral posterior hypothala- 
mus (4.8 volts for three seconds) on the motor cortex (5), the parietal (i), the 
posterior suppressor area (f) and the auditory projection area (]). The horizontal 
line in all tracings represents two seconds; the vertical line, 100 microvolts. Picro- 
toxin, 0.3 mg. per kilogram, was given intravenously. 


effects occur at high degrees of picrotoxinization, they may be accom- 
panied with tonic-clonic convulsions showing large, rapid potentials, 
comparable to those seen in cases of status epilepticus. 

Figure 1 shows in a typical experiment the change in cortical potenti- 
als which accompanies the onset of convulsions precipitated by the stimu- 
lus. Whereas prior to stimulation the potentials are grouped, a continuous 
rapid spike activity follows stimulation of the hypothalamus. The greater 
frequency of discharge is similar to that described earlier (Morison, Fin- 
ley and Lothrop”; Murphy and Gellhorn!'), in experiments on anesthe- 


10. Morison, R. S.; Finley, K. H., and Lothrop, G. N.: Influence of Basal 
Forebrain Areas on the Electrocorticogram, Am. J. Physiol. 139:410-416, 1943. 

11. Murphy, J. P., and Gellhorn, E.: The Influence of Hypothalamic Stimu- 
lation on Cortically Induced Movements and on Action Potentials of the Cortex, 
J. Neurophysiol. 8:341-364, 1945. 
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tized cats not given injections of convulsant drugs, except for the greater 
magnitude of the potentials. Figure 1 serves also to illustrate that the 
xcitatory effect is not restricted to the motor cortex but is likewise pres- 
nt in sensory projection and suppressor areas, as was to be expected from 
previous studies (Gellhorn!*). When calibration in this figure is taken 
into account, it is seen that the spikes of the motor area are larger than 
those of other areas. However, as will be pointed out later, this was by 
no means the rule. 

Figure 2 shows the effect of stimulation of the hypothalamus on the 
cortex and on the contralateral hypothalamus of a cat in which, owing 
to the administration of picrotoxin, slight convulsions were present prior 


to stimulation. At this time the cortex showed large spikes appearing in 


Fig. 2.—Effect of stimulation (<>) of the contralateral hypothalamus (1.9 
volts for ten seconds) on the posterior suppressor (f), auditory projection (/) 


and motor (3) areas and the posterior hypothalamus (H). Calibration: 100 
microvolts; 0.2 mg. of picrotoxin per kilogram injected intravenously. 


the form of grouped “dial” potentials, whereas single spikes appeared in 
the hypothalamogram, Very weak stimulation of the hypothalamus great- 
ly aggravated the convulsions and increased the frequency of spike po- 
tentials in all leads. The first and fourth records show a return to pre- 
stimulatory conditions about thirty seconds after stimulation ceased, 
whereas the other records show a depression of electrical activity, such 
as commonly occurs after convulsive discharges (Strauss and Rahm,?* 
Gellhorn and Ballin't). The great effectiveness of this mild hypothala- 


12. Gellhorn, E.: The Effect of Afferent Impulses on Cortical Suppressor 
Areas, J. Neurophysiol. 10: 125-132, 1947. 

13. Strauss, H., and Rahm, W. E., Jr.: Reactions of the Electroencephalo- 
gram and Metrazol Injections, Proc. Soc. Exper. Biol. & Med. 40:1-2, 1939. 

14. Gellhorn, E., and Ballin, H. M.: Water Intoxication and the Electro- 
encephalogram, Am. J. Physiol. 146:559-566, 1946. 
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mic stimulation, which was accompanied with maximal dilatation of the 
pupil and maximal contraction of the nictitating membrane, appears to 
be due to the fact that this experiment was performed twenty-four hours 
after “dial” medication. It is worthy of note that in this experiment, as 
in many others, the effect on the posterior suppressor areas was parti- 
cularly pronounced. 

The record reproduced in figure 3 was obtained from a cat on which 
operation was performed under ether anesthesia. Artificial respiration 
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Fig. 3.—Effect of stimulation of the contralateral sciatic (<>) nerve with 
1.9 volts for five seconds on the motor area (3), the optical projection area (9) 
and the posterior hypothalamus (H) of an etherized cat, which had been given 
“{ntocostrin.” Records a to ¢ are continuous. 


was administered and “intocostrin” was injected. The potentials seen 
under control conditions are small and frequent and show occasional small 
spikes. During stimulation of the sciatic nerve with a weak current (1.9 
volts) the potentials remain essentially unchanged, but after cessation of 
stimulation they increase gradually. At first the “background” potentials 
increase in amplitude, and only infrequently do spikes appear, which are 
most distinct in the hypothalamus (end of record a). Then (record 5) 
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spikes increase in size and finally in frequency (record ¢). Grouping of 
spikes is most prominent in the record from the hypothalamus, but the 
cortical records reveal multiple spikes likewise. Although the progression 
of convulsions is similar in the various cortical and subcortical areas, 


Fig. 4.—Effect of sedis of the posterior ee with 7 volts for 
ten seconds (at the arrow) on the suprasylvian gyrus (/2), the gyrus proreus 
(15) and the posterior hypothalamus (H). Records a were taken before, and 
records b fifteen seconds after, stimulation. Pictrotoxin, 0.2 mg. per kilogram, 
was given intravenously. 


Fig. 5.—Effect of stimulation of the posterior hypothalamus (11 volts for ten 
seconds) on the posterior hypothalamus (H), the posterior sigmoid gyrus (1/3), 
the gyrus proreus (7) and the gyrus suprasylvius (1/2) of a cat under “dial” 
anesthesia given “intocostrin” the previous day. Calibration: 50 microvolts. 
Records a were taken before, and records 6 ninety seconds after, stimulation. 


differences are not without interest. Thus, it is noted that the maximal 
activity of the hypothalamus does not coincide with that of the cortex 
but precedes it (beginning of record c). Furthermore, the “convulsive” 
activity in a sensory area (optic projection) is severer than in the motor 
cortex. The complete reversibility of the effect is shown at the end of 
record d, which was obtained after an interval of two minutes. 
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A similar lack of parallelism between hypothalamic and cortical po- 
tentials was also seen in experiments in which convulsions were precipi- 
tated or aggravated by hypothalamic stimulation. Figure 4 shows that 
about thirty seconds after hypothalamic stimulation “convulsive” activity 
is recorded from the hypothalamus for a short period. However, this 
alteration in hypothalamic activity does not show any repercussions in 
the cortex, since “convulsive” spikes continue at the same rate and am- 
plitude in the gyrus proreus and the small potentials recorded from the 
suprasylvian gyrus show only slightly increased frequency during this 
“convulsive” outburst. The record of figure 5 is particularly instructive, 
since it shows that “convulsive” spikes develop in various cortical areas 
whereas the hypothalamic potentials remain small. Here, again, stimula- 
tion of the hypothalamus induced these effects. The data suggest that 
although the hypothalamus may initiate convulsions, it is not responsible 
for maintaining this activity nor does it control the rate and intensity 


under the specific conditions of our experiments. 


Although the problem of the relative sensitivity of various cortical 
areas to convulsant stimuli will be investigated later, it may be stated 
that no preferential sensitivity of the motor cortex to picrotoxin could be 
found. Records such as those illustrated in figure 1, in which convulsive 
potentials were larger in the motor than in the sensory areas, were in the 
minority. It was observed frequently that the parietal lobe showed large 
spikes under the influence of picrotoxin when the electrogram of the 
motor area showed potentials of only slightly increased amplitude. Fur- 
thermore, it was found that hypothalamic or sciatic stimulation induced 
severe “convulsive” activity in the sensory cortex, whereas the potentials 
of the motor area were increased only to a slight extent. In agreement 
with these findings, it was seen in many experiments that under lighter 
picrotoxinization electrograms of sensory projection and/or suppressor 
areas showed ample evidence of “convulsive” activity, although actual 
convulsive movements were absent. This was true whether or not the 
sciatic nerve or the hypothalamus was stimulated. 


A closer study of the changes in the action potentials shows that in 
the picrotoxinized brain hypothalamic or sciatic stimulation is followed 
by different types of reactions which are related to the changes seen in 
the normal cortex as the result of afferent stimulation (Gellhorn and 
Ballin'® and the older work cited in this paper). These authors con- 
cluded that weak afferent stimuli cause disappearance of “dial” potenti- 
als without significant changes in background activity. On stronger exci- 
tation the background potentials show a greater frequency of discharge 
than those appearing between the groups of “dial” potentials prior to 


15. Gellhorn, E., and Ballin, H. M.: The Effect of Afferent Impulses on 
Hypothalamic Potentials, Am. J. Physiol. 146:630-635, 1946. 
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stimulation. Finally, the highest degree of excitation is characterized by 
an increase in frequency and amplitude of the background potentials. 
In all three conditions the grouped “dial” potentials are absent as a result 
of afferent stimulation. It was suggested in the earlier investigation that 
these effects indicate a lessened degree of synchrony of the discharging 
neurons and, with an increasing degree of stimulation, additional recruit- 


Fig. 6.—Effect of ligation of the contralateral sciatic (*) on the gyrus 
suprasylvius (J2), the posterior sigmoid gyrus (/5) and the motor area (5) ina 
picrotoxinized cat. Calibration: 300 microvolts. 


ment of previously inactive nerve cells. This scheme is suitable for the 
interpretation of the changes in potentials seen in the present investiga- 
tion. Apparently, afferent impulses arising from stimulation of the sciatic 
nerve or the hypothalamus cause asynchronization of potentials and re- 
cruitment of cortical neurons. This is clearly seen in figures 2, 3 and 5, 


3 


| 


Fig. 7.—Effect of stimulation (<) of the contralateral posterior hypothala- 
mus (4.8 volts for ten seconds) on the auditory projection area (1), the posterior 
suppressor area (p) and sensory (suprasylvian) area (/2) in a picrotoxinized 
cat. Calibration: 100 microvolts. 


in which both frequency and amplitude of the potentials increase as the 
result of afferent stimulation. Even under these conditions different corti- 
cal areas may show significant differences. The greatest degree of recruit- 
ment takes place in the motor area (fig. 1), whereas in the experiment 
illustrated by figure 6 the opposite is true. In the latter experiment the 
recruitment seems to be least in the motor cortex, in which smaller, but 
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more frequent, potentials appear than were recorded prior to stimulation, 
whereas the electrocorticograms of the sensory areas suggest by the occur- 
rence of frequent and large potentials that recruitment of additional 
neurons has taken place. 


] 


Fig. 8.—Effect of hypothalamic stimulation on the posterior sigmoid gyrus 
(13), the suprasylvian gyrus (/2) and the hypothalamus (H) of a cat which had 
received injections of “dial” and picrotoxin thirty-six and twenty-four hours, 
respectively, prior to the experiment. The hypothalamus was stimulated (11 volts 
for ten seconds) between a and b. Records ¢ and d were taken after intervals of 
about one minute. Calibration: 100 microvolts. 


If it is true that spikes represent a maximal degree of synchronization 
of neurons and that mild afferent stimuli may induce a lesser degree of 
synchrony without additional recruitment, it is to be expected that such 
stimuli would cause a temporary disappearance of convulsive activity. 
This is indeed the case, in figure 7 (third line), in which “convulsive” 
potentials disappear completely during, and for some time after, stimula- 
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tion and are replaced by background activity of a degree similar to that 
seen in the control period. 


Further examples of temporary suppression of spike activity after 
afferent stimulation are shown in figure 8. This figure illustrates well the 
relation of spike activity, synchrony and afferent stimulation which exists, 
for the various stages follow each other rather slowly in these experiments. 
Prior to hypothalamic stimulation the picrotoxinized cat showed spike 
potentials in cortex and hypothalamus (a). Immediately after stimula- 
tion the large spike potentials disappeared and were replaced by small, 
frequent background potentials (b). At a later stage (c) grouped “dial” 
potentials, which were separated from each other by small, and often 


Effect of Hypothalamic Stimulation* on Frequency of Cortical and Hypothalamic 
Potentials in a Picrotoxinized Cat 


After Stimulation, Seconds 


Potentials Control 


40-80 | 140-180 


Spikes 


‘*Dial’’ 
potentials 


Background 
potentials 


Spikes 
Supra- **Dial’’ 


sylvian potentials 
gyrus ~ 


35t | 0 0 


o | 13 


185 375 


| 
| 
| 


Background 
potentials 


Spikes 
Posterior **Dial’’ 


hypothal- potentials 
amus — 


Background 
potentials 


*5.3 volts, frequency, 88 per second for ten seconds. 
tFrequency per minute. 
tPotentials which in general have an amplitude of 100 microvolts or less 


frequent background potentials, were seen in their place. Finally, the 
“dial” potentials passed away, and the spikes returned (d). This experi- 
ment illustrates the principle that stimulation involves decreased syn- 
chrony and that during recovery the original state is attained through 
stages of increasing synchronization. A moderate degree of synchroniza- 
tion is indicated by the appearance of “dial” potentials, and a higher 
one, by spikes. The table (from an experiment performed on another 
cat) shows similar results and gives more detailed, quantitative data. 


It was suggested earlier in the paper that the changes in cortical 
potentials described in these experiments are determined by the strength 
of afferent stimuli. In response to weak stimuli, a lessened degree of 
synchronization occurs in cortical potentials, whereas strong afferent 
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stimulation causes asynchronization and recruitment of previously non- 
discharging cells. This interpretation is borne out by experiments, such 
as that illustrated in figure 9, in which the effect of stimulation of the 
sciatic nerve with different intensities is recorded on a normal and on a 


Fig. 9.—Effect of stimulation of the contralateral sciatic nerve on a strychni- 
nized suppressor (1) and a nonstrychninized sensory area (2 and 4). Records a 
were taken after stimulation (3.6 volts, 40.4 per second) for twenty seconds; 
records 6, after stimulation (9.8 volts, 40.4 per second) for six seconds. 


Fig. 10.—Effect of hypothalamic stimulation (6.3 volts for ten seconds) on 
the strychninized cortex (auditory area []], motor area [3]|). Note the suppres- 
sion of convulsions during, and “rebound” after, stimulation. 


strychninized cortical area. Stimulation with 3.6 volts decreases greatly 
the number of spikes, whereas these spikes increase in frequency under the 
influence of stimulation with 9.8 volts applied to the sciatic nerve. The 
nonstrychninized areas show relatively large potentials during the period 
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of stimulation with 9.8 volts (recruitment), whereas the potentials are 
small on stimulation with 3.6 volts. 


However, the intensity of stimulation is not the only important factor, 
since topographic differences in the cortex must be taken into account. 
This interpretation is suggested by the variation in the degree of asyn- 


chrony and recruitment resulting from a given stimulus in different 
cortical areas, in spite of the fact that various parts of the cortex are 
presumably in the same state of picrotoxinization, since the convulsant 
drug has been given intravenously. Thus, figure 7 shows an increase in 
frequency and amplitude of cortical potentials in the posterior suppres- 
sor area, whereas the spike potentials disappear in the auditory area and 
are replaced by smaller and more frequent potentials. In the first case 
signs of asynchrony and recruitment are seen; in the latter only asyn- 
chrony appears to be involved. Similar variations may be observed in the 
reactions of two strychninized areas (local application of strychnine) 
under the influence of afferent stimulation. It was not infrequently seen 
under such conditions that an afferent stimulus increases convulsive po- 
tentials in one area but suppresses them in another. 

A final observation apparently related to the phenomena of syn- 
chrony and recruitment is illustrated in figure 10, in which an increase 
in convulsive discharges occurs immediately after cessation of stimulation, 
whereas convulsive discharges had disappeared during stimulation. It is 
suggested that asynchronization during stimulation, which is character- 
ized by the disappearance of spikes and “dial” bursts, is followed by the 
restoration of a greater degree of synchrony for some time after the period 
of stimulation. This effect appears in figure 10 as increased frequency of 
convulsive discharges and in other experiments, not involving convulsant 
drugs, as an intensified burst of “dial” activity. This phenomenon has a 
striking resemblance to the “rebound” occurring after inhibition of re- 
flexes. 


COMMENT 


The preceding observations have established the observation that 
stimulation of the sciatic nerve, as well as of the hypothalamus, may elicit 
or aggravate convulsions. Since in experiments involving the sciatic nerve 
this effect seems to occur only when the intensity of the stimulation is 
adequate to elicit pain reflexes (dilatation of the pupils, increased rate 
of respiration), it is suggested that nociceptive impulses are largely in- 
volved in this action. The fact that milder stimuli were ineffective is 
probably accounted for by the anesthetic used, since tactile stimuli may 
elicit convulsions in cases of jacksonian epilepsy. 

The observation that stimulation of the hypothalamus may evoke or 
aggravate convulsions suggests that emotional processes have a similar 
effect, since the hypothalamus is one of the major structures involved in 


4 

4 
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emotions (see Gellhorn'® for review of literature). This experimental evi- 
dence again is in line with clinical evidence. Concerning the neurologic 
basis, it may be assumed that impulses arising in the posterior portion of 
the hypothalamus will reach all parts of the cortex either via thalamic 
nuclei or, possibly, directly (Murphy and Gellhorn!*). The electrograms 
of the cortex and hypothalamus show, under the influence of these 
stimuli, an increase in frequency and amplitude which may be so great 


as to lead to the typical picture of status epilepticus in pictrotoxinized 
animals. 


It is worthy of note that, although all parts of the cortex undergo 
these changes, there are considerable differences in the degree of reactiv- 
ity of these areas. The motor area was frequently less sensitive to picro- 
toxin and to the effects of afferent stimulation than other parts of the 
cortex. The observation that in a number of experiments the suppressor 
areas were particularly reactive to picrotoxin and to nociceptive impulses 
will be investigated further. 


Although the final state of picrotoxin poisoning is characterized by 
complete synchrony of cortical and hypothalamic discharges,1® it was 
noted that at earlier stages the electrical activity in the hypothalamus 
and the cortex may not run a parallel course. The appearance of “con- 
vulsive” discharges in the hypothalamus may occur without a correspond- 
ing increase in the “convulsive” activity of the cortex. It is suggested 


that although a close relation exists between hypothalamic and cortical 
activity (Obrador,!® Kennard,?° Murphy and Gellhorn?®*), the rate of 
the convulsive activity of the cortex is probably not determined by the 
hypothalamus in spite of the fact that the latter plays an important role as 
a trigger mechanism. 


The effect of afferent impulses on the cortex under convulsive condi- 
tions apparently is governed by the same factors which have been found 
to determine their action under nonconvulsive conditions.2! These changes 


16. Gellhorn, E.: Autonomic Regulations, New York, Interscience Publishers, 
Inc., 1943. 

17. Murphy, J. P., and Gellhorn, E.: Further Investigations on Diencephalic- 
Cortical Relations and Their Significance for the Problem of Emotion, J. Neuro- 
physiol. 8:431-448, 1945. 

18. Hoefer and Pool (Conduction of Cortical Impulses and Motor Manage- 
ment of Convulsive Seizures, Arch. Neurol. & Psychiat. 50:381-400 [Oct.] 1943) 
made similar observations in electrically induced convulsions. 

19. Obrador, S.: Effect of Hypothalamic Lesions on Electrical Activity of 
Cerebral Cortex, J. Neurophysiol. 6:81-84, 1942. 

20. Kennard, M. A.: Effect on EEG of Chronic Lesions of Basal Ganglia, 
Thalamus, and Hypothalamus of Monkeys, J. Neurophysiol. 6:405-416, 1943. 

20a. Murphy and Gellhorn, footnotes 11 and 17. 

21. The pertinent literature is cited in an earlier paper of ours.15 
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in synchrony and recruitment appear to be adequate to explain the effect 
of afferent impulses on cortical potentials. Since spikes are considered to 
be the expression of a hypersynchrony of the neurons from which these 
potentials are recorded, it is easy to see that afferent impulses abolish tem- 
porarily convulsive discharges because they induce asynchrony in the corti- 
cal cells. The increase in size and/or frequency of convulsive potentials 
observed after stimulation of afferent nerve fibers in picrotoxinized ani- 
mals is understandable if it is assumed that many more neurons become 
activated. In spite of greater asynchrony of those cells which were active 
prior to stimulation, more neurons will then beat in unison and give rise 
to spike discharges. 

In any given cortical area the degree of recruitment, and thereby the 
chance to precipitate or intensify convulsive potentials, depends on the 
intensity of the stimulus. However, various cortical areas may react dif- 
ferently. This is illustrated by the fact that some develop convulsive 
activity earlier and to a greater degree than others and that a given 
afferent stimulus may cause an increase in spikes in one area and diminu- 
tion or disappearance in another. These observations suggest that picro- 
toxin, as well as afferent stimulation, may call into action a widely dif- 
ferent number of neurons in different cortical areas. Excitability may be 
measured not only by the threshold stimulus which causes asynchrony but 
also by the intensity of a stimulus which induces recruitment. It appears 
that cortical regions which are in a state of higher excitability than others 
react to afferent stimulation with an intensification of convulsive dis- 
charges, whereas areas of lesser excitability show the opposite effect. 


These observations suggest that afferent impulses may have a dual 
effect on overt convulsions, decreasing or increasing them according to 
the intensity of stimulation. Although the latter effect was frequently 
seen, we failed to get evidence of suppression of overt convulsions through 
afferent impulses. This may be related to the fact that overt convulsions 
occur in the anesthetized cat only at fairly high degrees of picrotoxiniza- 
tion. Under these conditions, afferent stimuli are more likely to produce 
asynchronization plus recruitment than a lessened degree of synchrony 
alone. However, it is possible that weaker stimuli than were used in the 
present investigation and non-nociceptive impulses may accomplish this 
effect. 

Finally, it should be mentioned that, after suppression of convulsive 
activity during stimulation, a greatly increased convulsive discharge may 
follow cessation of the stimulus. A similar “rebound” phenomenon was 
frequently noted in cats anesthetized with “dial” which had not received 
injections of convulsant drugs. Sciatic and hypothalamic stimulation was 
followed in these animals by a group of “dial” bursts of greatly increased 
amplitude. Often they occurred at smaller intervals than under control 
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conditions. Occasionally it was seen that “dial” bursts, which were absent 
in a cortical area prior to stimulation, appeared immediately after it. The 
normal and the picrotoxinized cortex, again, act here according to the 
same rules. A period of lessened synchrony occurring during stimulation 
of afferent nerves is followed by one of increased synchrony. This leads 
in the normal cat anesthetized with “dial” to grouped “dial” bursts, 
whereas in picrotoxinized cats the hypersynchronization appears in the 
form of an increased burst of spike potentials. Whether the concept that 
the rebound is based on hypersynchrony is applicable to the physiology 
of reflexes in which this phenomenon is commonly found (Creed and 
collaborators**) cannot be stated at present. 


SUMMARY 


The influence of afferent impulses on convulsive movements and on 
cortical and hypothalamic potentials was studied. The afferent impulses 
were induced by mechanical or electrical stimulation of the sciatic nerve 
or by electrical stimulation of the posterior portion of the hypothalamus. 
Observations were made at various degrees of picrotoxin poisoning. The 
following results were obtained on cats anesthetized with “dial”: 

With adequate degrees of picrotoxinization, stimulation of either the 
sciatic nerve or the hypothalamus induced convulsions for various periods 
during and after stimulation. Ligation of the sciatic nerve seemed to be 
the most effective procedure. If slight convulsions existed prior to the 
stimulation, afferent stimuli might greatly aggravate these convulsions. 

If convulsions were precipitated or intensified as the result of afferent 
stimuli, the cortical potentials increased in amplitude and frequency. In 
a number of observations large, frequent spike potentials, resembling 
those seen in cases of status epilepticus, occurred. 

The study of cortical and hypothalamic potentials under the influence 
of hypothalamic and sciatic stimulation in picrotoxinized animals revealed 
that hypothalamic and cortical “convulsive” activity may be dissociated. 
It is concluded that, although afferent impulses originating in the hypo- 
thalamus may initiate or intensify convulsions, the hypothalamus does 
not seem to determine the rate of cortical “convulsive” activity in these 
experiments. 

It appears that the motor area is not particularly sensitive to 
picrotoxin, since sensory and suppressor areas may show larger and 
more frequent spikes. Consequently, severe “convulsive” discharges may 
be precipitated in nonmotor areas of the cortex as a result of afferent 
stimuli in the absence of overt convulsive movements. 


22. Creed, R. S.; Denny-Brown, D.; Eccles, J. C.; Littell, E.G.T., and Sher- 
rington, C. S.: Reflex Activity of the Spinal Cord, New York, Oxford University 
Press, 1932. 
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The study of cortical potentials in cats subjected to intravenous in- 
jections of picrotoxin or to local strychninization shows that an increase, 
as well as a decrease, in “convulsive” activity may result from afferent 
stimuli. Other conditions being equal, the former effect is due to strong, 
and the latter to weak, stimuli. Intensification of “convulsive” potentials 
seems to be associated with increased recruitment and decreased syn- 
chronization, whereas suppression of convulsive potentials is accompanied 
with decreased synchronization only. On cessation of stimulation, in- 
creased “convulsive” discharges (rebound) may follow suppression of 
“convulsive” potentials during stimulation. 

Quantitative differences in the convulsive reactivity of different corti- 
cal areas account for the fact that an afferent stimulus may increase 
“convulsive” potentials in one area and decrease them in another. 


University of Minnesota Medical School (14). 


733 
4929 
| 


The 

used 

and 

WINKING-JAW PHENOMENON Coo) 

ROBERT WARTENBERG, M.D. = 

SAN FRANCISCO cally 

eye, 

MARCUS GUNN PHENOMENON : Hov 

° T THE MEETING of the Ophthalmological Society of the United i in t 

Kingdom, on July 6, 1893, the London Ophthalmologist R. Marcus : dra’ 

Gunn (1822-1887)! presented a paper entitled “Congenital Ptosis with : wel 
Peculiar Associated Movements of the Affected Lid.” His case was that $ 

of a 15 year old girl with congenital ptosis of the left eyelid. ‘ Gu 

She complained . . . of the fact that, while eating and occasionally while : the 

speaking, the (left) lid is rapidly jerked upwards . . . When about five weeks old it i ans 

was noticed that when she was sucking the breast her left upper eyelid “nearly & phi 
went up out of sight” ... On lateral movement of her jaw to the right side 3 

(left external pterygoid) the left upper lid is raised quickly and powerfully, and t op! 

this position of the lid is maintained as long as the jaw is kept drawn to the £ . 

right. o 


This phenomenon from the very first evoked great interest. A com- 
mittee of three neurologists and one ophthalmologist, headed by W. R. 
Gowers, was appointed by the Ophthalmological Society to examine 


Gunn’s case. The committee reported that “the prominent fact of the : an 
case is that the levator contracts when the external pterygoid is put in ac- 4 mi 
tion, while the latter does not contract when the levator is put in action.” : qu 
The essential of this phenomenon in cases of unilateral ptosis, in which af 
the levator palperbrae on one side cannot be raised voluntarily, is an e n¢ 
associated movement of this levator contingent on the movement of the "i m 
jaw toward the unaffected side. It is an associated movement from the g 

external pterygoid muscle to the levator palpebrae muscle; thus, from the e of 
trigeminus to the oculomotor nerve. The primary mover responsible for F tk 
the deviation of the mandible to the opposite side is the external pterygoid : tk 
muscle (not the internal pterygoid muscle, as Kestenbaum? stated). ¢ s\ 


It is a pterygoid-levator synkinesis. The committee expressed the opinion 
that the phenomenon was due to an aberrant innervation of the levator 
palpebrae superioris from the motor branch of the trigeminal nerve. 


From the Division of Neurology, University of California Medical School. 
1. Gunn, R. M.: Congenital Ptosis with Peculiar Associated Movements of 
the Affected Lid, Tr. Ophth. Soc. U. Kingdom 3: 283, 1883. 


2. Kestenbaum, A.: Clinical Methods of Neuro-Ophthalmologic Examination, 
New York, Grune & Stratton, Inc., 1946, p. 314. 
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The phenomenon is usually known as the jaw-winking phenomenon. 
The term is used even in other than the English literature. The term 
used by Spaeth,* “jaw-winking associated reflex,” is not physiologic 
and is highly confusing. The French speak of mdchoire a clignements, or 
ceillade de la méchoire. The term “jaw-winking” was criticized. 
Cooper* called it “inelegant”; Ford® said it was “absurd.” First of all, 
the term is incorrect because the movement of the eyelid that automati- 
cally and immediately follows the jaw movement is not closure of the 
eye, as in winking, but, on the contrary, is an elevation of the eyelid. 
However, the term “jaw-winking phenomenon” is so strongly entrenched 
in the literature everywhere that it would be almost impossible to with- 
draw it from circulation. For reasons of historical piety, it might as 
well be retained. 


A voluminous ophthalmologic and neurologic literature followed 
Gunn’s original publication, which itself occupied only three pages in 
the society’s Transactions. This literature left in its wake many un- 
answered and unanswerable questions. To Doré,® the Marcus Gunn 
phenomenon presented one of the most complicated problems of neuro- 
ophthalmology. The phenomenon has become so popular that many other 
phenomena of the ocular muscles which have no relationship to that 
of Marcus Gunn have been brought into connection with it. It was 
found that the Marcus Gunn phenomenon can be present without 
ptosis or any other anomaly of the eye; or the ptosis may be bilateral. 
Besides the ptosis, there may be paresis of other ocular muscles, or 
another congenital ophthalmic anomaly may coexist. The phenomenon 
may be familial or hereditary. It is usually congenital but may be ac- 
quired, and in case of the latter may appear at any age; it may even 
appear suddenly, for instance, after concussion of the brain. The synki- 
nesis may remain constant for life, may be transient or may progress. It 
may disappear while the ptosis remains. 

The primary movements which bring about the automatic elevation 
of the eyelid are said to be: opening of the mouth only; movement of 
the lips; movement of the jaw to the unaffected side only; protrusion of 
the jaw; clenching of the teeth; whistling; puffing the cheeks; chewing; 
swallowing; singing; inhaling; sticking out the tongue; movements of the 


3. Spaeth, E. B.: The Marcus Gunn Phenomenon, Am. J. Ophth. 30:143, 
1947. 

4. Cooper, E. L.: The Jaw-Winking Phenomenon, Arch. Ophth. 18: 198 
(Aug.) 1937. 

5. Ford, F. R.: Diseases of the Nervous System in Infancy, Childhood and 
Adolescence, ed. 2, Springfield, Il]., Charles C Thomas, Publisher, 1944, p. 220. 

6. Doré: Mouvements involontaires de la paupiére supérieure associés a 
ceux commandés par les autres nerfs craniens (Maladie de Marcus Gunn), Clin. 
opht. 21:475, 1916. 
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homolateral eye, closing the heterolateral eye, and turning the head to 
the ptotic side. Electric stimulation of the cortex may also produce the 
phenomenon. It has also been found that this synkinesis occurs only on 
looking downward. Some cases reported would thus indicate that not 
only movement of the mandible (fifth nerve) but also movement of the 
muscles innervated by other nerves, such as the third, seventh, ninth and 
twelfth, can produce this synkinesis. Whether all these observations are 
correct, whether the elevation of the lid can occur on innervation of 
muscles other than those supplied by the fifth or the third cranial nerve 
remains to be proved. All that has been added to the symptomatology 
of the Marcus Gunn phenomenon increases the complexity of the prob- 
lems involved. Despite this great variety of the primary movements, the 
essential stimulus for the synchronous elevation of the ptotic lid in this 
phenomenon seems to be the movement of the mandible to the side op- 
posite the ptotic lid. In studying the literature, one gains the definite 
impression that under the term “Marcus Gunn phenomenon” heteroge- 
nous movements have been described, movements that need stricter clas- 
sification and separation. 


The question whether there is an inverted Marcus Gunn phenome- 
non, i.e., closure of the eye on movement of the mandible, has been 
answered in the affirmative by some investigators. The inverted Marcus 
Gunn phenomenon has been discovered and rediscovered several times, 
so again by Halpern’ as late as 1944. The inverted Marcus Gunn phe- 
nomenon is known as the Marin Amat syndrome, on the basis of this 
author’s publications in 1918, 1919 and 1930. However, this phenomenon 
was described earlier by Miiller-Kannberg*® in 1894 and by Higier® in 
1902. In a separate article, I have made the attempt to prove that 
this “inverted Marcus Gunn phenomenon” is not an associated move- 
ment, in which, as in the original Marcus Gunn phenomenon, the pri- 
mary mover originates in the trigeminal muscles, but is nothing else but 
the very common associated movement seen often in partial recovery 
from facial palsy. It is thus an intrafacial associated movement, not a 
trigeminofacial associated movement. 


However, in the Marcus Gunn phenomenon the associated move- 


ment is not reversible: The mandible does not move when the levator 
palpebrae is innervated. 


7. Halpern, L.: The Inverted Gunn Phenomenon, Acta med. orient. 4:342, 
1945; Zur Phanomenologie einer motorischen Korrelation zwischen Lid und Kiefer, 
Schweiz. Arch. f. Neurol. u. Psychiat. 54:134, 1944. 


8. Miiller-Kannberg: Eigentiimliche Mitbewegung eines ptotischen Lides bei 
Unterkieferbewegungen, Der frztliche Praktiker 7:1177, 1894. 

9. Higier, H.: Zur Klinik der eigentiimlichen Mitbewegungen des pareti- 
schen Lidhebers und Lidschliessers, Deutsche Ztschr. f. Nervenh. 21:306, 1902. 
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WINKING-JAW PHENOMENON 


In the following discussion, an automatic, involuntary movement of 
the mandible which takes place on reflex or voluntary closure of the eye 
is reported. It is thus an inverted and reversed Marcus Gunn phenomenon 
and could be called the winking-jaw phenomenon. This movement has 
been brought into relationship with the Marcus Gunn, as a widely 
known phenomenon, but has no direct connection with it and is, so to 
say, a movement on a quite different level. 

This phenomenon consists in the following components: When the 
examiner touches one cornea, as for elicitation of the corneal reflex, 
a quick, brisk movement of the mandible to the contralateral side takes 
place. It sometimes seems that the mandible also moves forward slightly. 

The cornea should be touched not lightly, but with some force. The 
effort should be to elicit a vigorous closing of the eye. Mere blinking is not 
sufficient. It is best not to use cotton or paper, as is usually done for 
elicitation of the corneal reflex, but to use a solid glass applicator and 
to exercise some pressure on touching the cornea. Pressure alone on the 
cornea, without producing winking, has no effect on the mandible, for 
instance, pressure on the eyeball when the eyelid is closed does not evoke 
the slightest movement of the mandible, even if considerable force is 
employed. The movement of the mandible takes place simultaneously 
with closure of the eye. The deviation of the lower jaw occurs essen- 
tially on a horizontal level. The forward movement is minimal and oc- 
curs with such rapidity that it may be easily overlooked. The lateral 
movement is exhaustible, but returns after a pause. It is inconstant, so 
to speak, whimsical, and sometimes does not appear when most expected. 
Apparently it depends on many factors, the nature of which 1s not 
entirely known at present. Any muscular tension will interfere with the 
appearance of this phenomenon. It is, therefore, essential that the pa- 
tient relax the eyelids and muscles of the jaw and allow the mandible to 
hang loosely. This is often difficult for the patient. to achieve, and he 
must try again and again. 

There are rare cases in which the movement of the mandible to the 
contralateral side may be evoked on touching either cornea. It is inter- 
esting to note that in these cases the movement of the mandible on 
touching the cornea on one side still occurs at all. A priori, it must be 
assumed that the simultaneous consensual closure of the eye on touching 
the contralateral cornea should prevent any movement of the mandible. 
For instance, when this movement is bilateral, touching the left cornea 
would produce movement of the mandible to the right, but the consen- 
sual blinking of the right eye should have evoked a movement of the 
mandible to the left. These two movements should counteract each 
other, provided they are of the same strength. This apparently is not 
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the case, since when the movement of the mandible can be evoked by 
touching of either cornea this movement can be strong to either side. 
This can mean only that the closure of the eye on the side of the touched 
cornea must be much stronger than the consensual movement on the 
other side. Accordingly, the contralateral movement of the mandible to 
the side opposite the touched cornea is much stronger and easily sup- 
presses the slighter movement of the mandible to the other side. I am not 
aware of any quantitative studies which have been made on the com- 
parative strength of closure of the homolateral and the heterolateral 
eye on touching of one cornea. 


When movement of the mandible can be elicited by touching either 
cornea, simultaneous touching of both corneas produces a slight forward 
movement of the lower jaw. 


Exactly the same movement of the mandible to the contralateral side 
takes place when the patient is asked to close the eye on the side on which 
the phenomenon can be elicited by touching the cornea, and to close it 
briskly and forcefully. Thus, the movement of the mandible takes place 
both on reflex and on voluntary contraction of the orbicularis oculi. The 
movement on voluntary contraction has the same characteristics as it has 
on reflex contraction, but is generally much weaker, much less constant 
and easily exhaustible. It takes place only on a quick and strong con- 
traction, which is often difficult to achieve. 

This phenomenon has not been found in normal subjects. In a few 
cases, to be sure, it appeared that a very slight, a very weak and exhaus- 
tible movement might have taken place. This phenomenon is not found 
in children. It is not exaggerated in neurotic persons, who show an ex- 
aggeration of the deep muscle reflexes. It is never found in patients 
with extrapyramidal lesions. If positive, it is more often unilateral. With 
cortical and with capsular lesions leading to hemiplegia, the movement 
of the jaw can be elicited only by touching the cornea on the side of 
the hemiplegia, the mandible moving to the opposite side. But this is 
by no means always the case. The phenomenon is not elicited in cases of 
old, or of slowly progressive, hemiplegia. It can best be demonstrated in 
the first few weeks after the hemiplegic attack. In cases of fresh apo- 
plexy, it might be the leading sign indicating a localized cortical lesion 
and its site. It is not seen after epileptic attacks. When seen in cases 
of amyotrophic lateral sclerosis, it is an early indication that the pyramidal 
degeneration has crept up to the brain stem and has affected the 
corticopontile tracts of the trigeminus nerve. Bilaterally the phenome- 
non is seen with amyotrophic lateral sclerosis and with diffuse pontile 
lesions. In the former disease the phenomenon is found in its most pro- 
nounced form. The movement of the mandible on touching the cornea 
may occur so violently and may be of such a long range that one is 
amazed that it has remained unnoticed so long. 
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The following case illustrates the importance of the winking-jaw phenome- 
non. A man aged 22 sustained a fracture of the skull in an automobile accident. 
Lumbar puncture revealed bloody cerebrospinal fluid. He was in coma for two 
weeks. During this time there seemed to be, according to the referring physician, 
mild weakness of the right side, from which the patient apparently recovered. 
He showed a fairly severe degree of aphasia after recovering consciousness. When 
I examined the patient for the first time, four months after the injury, he had 
mild headaches and showed a slight weakness of central type on the right side of 
the face, with diminution of palpable vibration of the upper right lid but 
without notable functional disturbance of the facial muscles. The muscles sup- 
plied by the trigeminal nerve presented no functional disturbances; there was no 
deviation of the mandible, and the corneal reflex was normal. The masseter 
muscle on the right side was felt to be less massive than that on the left when 
the patient clenched his teeth. He also showed a slight degree of amnestic apha- 
with dyslexia and dysgraphia. There were no pyramidal signs in the right 


gia 


extremities and no motor disturbances. 
When the examiner touched the right cornea, as for elicitation of the corneal 
reflex, the homolateral and consensual corneal reflexes were found to be normal, 
but the mandible, simultaneously with the winking of the eye, moved briskly 
to the left. The same movement of the mandible occurred, but much less regu- 
larly, when the patient closed his right eye forcefully and quickly against the re- 
sistance of the finger of the examiner, who tried to lift the upper lid. No move- 
ment of the mandible took place when the left cornea was touched or when 
the patient closed his left eye. 


On the second examination, six and one-half months after his injury, it was 
found that the aphasia, dyslexia and dysgraphia had improved greatly. The 
functional status of the muscles in the distribution of the facial and trigeminal 
nerves was the same. In the meantime, the patient had had two attacks which 


were classified as epileptic. The winking-jaw phenomenon was the same.1° 


Of the whole clinical picture in this case, it must be said that the winking- 
jaw phenomenon was the most striking feature, and the only one which drastically 
illustrated the supranuclear involvement of the right trigeminal nerve. It must be 


10. A third examination took place sixteen months after the injury. General 
epileptic attacks of grand mal character had increased in severity and frequency 
despite treatment. These attacks, however, did not offer any focal clue. Petit mal 
attacks had started also. The only objective findings on neurologic examination 
were: mild aphasia, particularly of amnestic type; slight diminution of the pal- 
pable vibration of the right upper lid and a very strong winking-jaw phenomenon 
elicited from the right eye. Electroencephalographic examination (Dr. R. B. Aird 
was reported as follows: “A generalized and suggestively paroxysmal dysrhythmia 
of nonspecific type, which appeared off and on throughout the record and was 
slightly exaggerated during hyperventilation, was compatible with a convulsive 
susceptibility of slight or moderate degree. In addition, there was considerable 
evidence to suggest changes of a presumably degenerative character in the low 
postcentral, the anterior temporal and possibly the precentral and posterior tem- 
poral regions on the left.”” Pneumonencephalographic study (Dr. Aird) revealed 
the following changes: “The lateral ventricles were considerably enlarged, the left 
more than the right. There was a marked shifting of the whole ventricular system 
to the left. There was no filling of the subarachnoid channels except anteriorly.” 
Dr. H. C. Naffziger stated his opinion that surgical intervention was not indicated 
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assumed that this patient had a diffuse lesion of the left cerebral hemisphere, 
affecting particularly the left frontomotor area. 


SO-CALLED CORNEOMANDIBULAR REFLEX 


Elicitation of involuntary movement of the mandible to the opposite 
side on touching one cornea is not a new phenomenon. It was described 
first by von Sdlder'! in 1902, as the “corneomandibular reflex.” He 
stressed the fact that the movement of the mandible occurred in a hori- 
zontal level and that no opening or closing of the mouth took place. The 
movement was due to an isolated contraction of the external pterygoid 
muscle. The reflex, which was found very easily exhaustible, was re- 
garded as a physiologic one, though not constant. In some normal persons 
it was found only in traces. The functional association between the 
cornea and the external pterygoid muscle was regarded as “peculiar,” 
and one on which comparative physiology might throw some light. It 
was looked on as a purely intratrigeminal reflex. In a short critical note 
of 1903, Kaplan!* expressed doubt concerning the reflex nature of this 
phenomenon and raised the question whether an associated movement 
existed here between the orbicularis oculi muscle and the external 
pterygoid muscle. In 1904 von Sdélder!* violently rejected the idea of the 
possible synkinetic nature of his phenomenon. Its reflex nature seemed 
to him to be so clearly and directly evident from the facts that he re- 
garded it as superfluous to substantiate his view. In 1918 Trémner!* dem- 
onstrated a “new bulbar reflex,” twisting of the mandible to the opposite 
side on touching the cornea. This was regarded as an example of a 
purely trigeminal reflex, as is the masseter reflex. Von Sdlder!® re- 
minded Trémner that he had discovered this reflex sixteen years pre- 
viously and stressed that it is a physiologic reflex which, under pathologic 
conditions, occasionally appears particularly distinct. In a special article 
devoted to this “pterygocorneal reflex,” as Trémner'® now called it, he 
stressed its reflex nature. In his opinion, it was a special kind of corneal 
reflex. It had never been observed in normal persons but had been 
seen only in patients with suprabulbar lesions of the brain. 


11. von Sélder, F.: Der Corneo-Mandibularreflex, Neurol. Centralbl. 21: 
111, 1902. 

12. Kaplan, J.: Zur Frage des Corneo-mandibularreflexes, Neurol. Centralbl. 
22:910, 1903. 

13. von Sdlder, F.: Ueber den Corneo-mandibularreflex, Neurol. Centralbl. 
23:13, 1904. 

14. Trémner, E.: Bulbarreflex (Pterygo-Cornealreflex), Neurol. Centralbl. 
37: 334, 1918. 

15. von Sélder, F.: Bemerkung zu Trémners Petrygo-Cornealreflex, Neurol. 
Centralbl. 37:432, 1918. 

16. Trémner, E.: Der Pterygo-Cornealreflex, Ztschr. f. d. ges. Neurol. u. 
Psychiat. 78:306, 1922. 
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The phenomenon described by von Sélder and Trémner attracted 
little attention in the German literature and remained almost completely 
unnoticed outside Germany. It is not mentioned in the common English 
textbooks. It was the subject of investigation by several Russian authors 

Goldin,!* Zalkan and Frenkel,!® Frenkel!®). To the last author the 
corneopterygoid reflex appeared as a purely intratrigeminal reflex, like 
the masseter reflex. No reference was made to it in the detailed French 
monograph on the corneal reflex by Cerise and Thurel.*° In reviews, it 
was declared as being of no diagnostic importance (von Michel,?? Wil- 
brand and Sanger,*? Bartholomé?*). It is usually regarded as a normal 
phenomenon (Fuchs,?* Kroll?®). 


As assistant to Foerster in 1923, I observed that he was very much 
interested in this phenomenon. He?® was not inclined, as was Trémner, 
to deny its presence completely in normal persons, but stressed “that 
this reflex can by no means be counted with the reflexes which are 
constantly elicited in normal persons.” He?? found it exaggerated in 
cases of peripheral facial palsy. Somewhat in contradiction to these state- 
ments, Foerster?® said: 

The pterygocorneal reflex presents, in my oninion, one of the finest 
signs of damage of the cortical center for the mandible or of the efferent tract 


arising from this center. 


17. Goldin, A. M.: Corneo-Mandibular Reflex, Sovet. psikhonevrol. 12:99, 
1936. 

18. Zalkan, D. M., and Frenkel, A. B.: Diagnosis of Certain Facial Reflexes, 
Corneal Reflex, Corneopterygoid Reflex, Flatan Reflex and Marineska-Radovichi 
Reflex, Sovet. psikhonevrol. 14:30, 1938. 


19. Frenkel, A. B.: Semeiotic Significance of the Corneopterygoid Reflex, 
Vrach. delo 22:759, 1940. 

20. Cerise, L., and Thurel, R.: Le réflexe corneen en pathologie nerveuse, 
Rev. neurol. 1:915, 1932. 

21. von Michel, J.: Die Krankheiten der Augenlieder, in Graefe, A., and Sae- 
misch, T.: Handbuch der gesamten Augenheilkunde, ed. 2, Leipzig, W. Engel- 
mann, 1908, vol. 5, p. 351. 
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22. Wilbrand, H., and Sanger: Die Neurologie des Auges, Erganzungsband, 
Munich, J. F. Bergmann, 1927, pt. 1, p. 28. 

23. Bartholomé, H.: Ueber Gesichtsreflexe, Inaug. Dissert., Freiburg, 1932, 
p. 26. 

24. Fuchs, A.: Einfiihrung in das Studium der Nervenkrankheiten, Leipzig, 
F. Deuticke, 1911, p. 78. 


25. Kroll, M.: Die neuropathologischen Syndrome, Berlin, Julius Springer, 
1929, p. 209. 


26. Foerster, O., in Bumke, O., and Foerster, O.: Handbuch der Neurologie, 
Berlin, Julius Springer, 1936, vol. 6, p. 239. 

27. Foerster,26 vol. 3, p. 596. 

28. Foerster,26 p. 268. 


4 
} 
i 
4 


742 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


The only publication in English which deals with this phenomenon 
is that of Ornsteen.*® He spoke of palpebromandibular synkinesis and 
rightly differentiated this phenomenon from the Marcus Gunn type. In 
his case, “every voluntary and involuntary movement of the eyelids was 
synchronously associated with an involuntary short, sharp movement of 
the jaw upward and forward, and if the mouth was held open the jaw 
would snap shut with a click of the teeth.” When the patient held his 
mouth slightly open, the mandibular movement became exaggerated. 
Ornsteen stated: “I have been unable to find a reference to a similar 
observation in the literature.” However, there is no doubt that the ob- 
servation reported by Ornsteen must be regarded as identical in its es- 
sential points with the corneomandibular reflex of von Sélder, which was 
thus again rediscovered. 


IS THE VON SOLDER PHENOMENON A REFLEX OR AN ASSOCIATED 
MOVEMENT? 


To all investigators of this phenomenon, except to Kaplan and 
Ornsteen, it appeared to be a reflex. It was called the corneomandibu- 
lar reflex, the pterygoid-corneal reflex or the corneopterygoid reflex. 
Several authors emphasized that this phenomenon is a purely intratri- 
geminal reflex, like the masseter reflex. Without going into a dis- 
cussion of the complex problem of reflex and associated movement, one 
would better call it an associated movement, for the following reason: 
The automatic involuntary movement of the mandible to the contra- 
lateral side takes place not only on tactile stimulation of the cornea, as 
in elicitation of the corneal reflex, but also on active closure of the eye. 
Von Sélder,'! however, stated: “On voluntary closure of the eye there 
never occurs a twitching of the mandible comparable to the corneoman- 
dibular reflex.” This statement is not correct. It is true that on ordinary 
closure of the eye no mandibular movement occurs. But it certainly does 
occur when the patient closes the corresponding eye forcefully, quickly and 
against resistance. It is true that the mandible does not move so strongly 
or so constantly on active innervation of the eyelid as it does on touching 
the cornea and eliciting the corneal reflex. However, such movement 
has been observed so distinctly that there can be no doubt that it fol- 
lowed in the wake of an active innervation of the eyelid. Here the same 
is true as in the Marcus Gunn phenomenon, in which only forceful 
movement of the mandible elicits the associated rising of the upper lid. 
On repeated examinations, it has been seen again and again that normal, 
weak closure of the eye is without effect on the mandible, whereas 


29. Ormsteen, A. M.: Palpebromandibular Synkinesis in a Patient with 
Acute Polyneuritis and Facial Diplegia, Arch. Neurol. & Psychiat. 34:625 (Sept.) 
1935. 
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forceful, quick closure is accompanied with a movement to the contra- 
lateral side. 

It is thus understandable why von Sélder in his cases of the “corneo- 
mandibular reflex” could not achieve a movement of the mandible on 
stimulation of the sclera or the conjunctiva or on elicitation of the optic 
lid reflex, but only on touching the cornea; only with the latter is there a 
forceful contraction of the orbicularis oculi muscle, and only on such 
a contraction is there an associated movement of the mandible. In all 
other instances the primary movement of the orbicularis oculi is too weak. 
In the case of Ornsteen, the mandible moved synchronously with each 
voluntary movement of the eyelids. “The patient was asked to blink his 
eyes voluntarily and rapidly and with as much force as he could; the 
blinking was accompanied by stronger movements of the mandible.” In 
comatose persons with organic lesions of the brain von Sélder observed 
several times that his corneomandibular reflex was preserved, whereas the 
corneal reflex was absent. This could be explained more readily on the 
basis that this phenomenon is an associated movement and not a reflex. 
The reflex contraction of the orbicularis oculi may not be clearly visible 
on touching the cornea and the corneal reflex may apparently be ab- 
sent, but the associated movement of the mandible may still be present. 
It is well known that in associated movements the primary mover may 
be minimal, may lead to no displacement of the muscle but may still lead 


to visible and forceful secondary (associated) movements. The primary 


mover may show no visible movement at all, may even be paralyzed com- 
pletely; and yet an impulse sent to this muscle, though having no effect 
on the particular muscle, may evoke a strong associated movement in 
other muscles. This one sees again and again in associated movements 
of the oculomotor muscles. It is also well documented in Bell’s phenome- 
non, as seen in complete facial paralysis. An attempt to close the eye may 
be fruitless, may not affect the eyelids but may still evoke a sharp up- 
ward movement of the eyeball. 


The phenomenon impresses one immediately as being an associated 
movement, an associated movement between the muscles innervated 
by the facial nerve, on the one side, and the muscles innervated by the 
trigeminal nerve, on the other. It is thus a faciotrigeminal synkinesis, or, 
with reference to the organs moved, a palpebromandibular synkinesis. 
According to the essential muscles involved, it is an orbiculopterygoid 
synkinesis. It takes place in the area of the cranial nerve which is in- 
nately, so to speak, a playground for associated movements. This is es- 
especially true of the muscles of the eye. Several reviews (Carmichael 
and Critchley,3° Coppez?!) show the enormous variety of associated 


30. Carmichael, E. A., and Critchley, M.: The Relations Between Eve Move- 
ments and Other Cranial Muscles, Brit. J. Ophth. 9:49, 1925. 
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movements which involve the ocular and neighboring muscles. Some of 
them are physiologic, some definitely pathologic and some borderline. 


FOUR TYPES OF ASSOCIATED MOVEMENTS OF THE OCULAR MUSCLES 


The bewildering variety and complexity of these associated move- 
ments make an attempt at their classification imperative, but this should 
be on something more than purely descriptive grounds. Approaching 
the problem from a developmental standpoint, one may assume that 


these associated movements originate at different physiologic and em- 
bryonic levels. 


1. The associated movements of the facial muscles represent the first 
type, originating, so to speak, at the lowest level. After partial recovery 
of these muscles following supranuclear, nuclear or peripheral lesions, 
the muscles lose their ability to perform fine, single movements but, in- 
stead, perform mass movements in which all the muscles act as a unit, 
“all for one.” As is well known, all the single facial muscles, now capable 
of an isolated contraction, stem from a common ancestor, a muscle which 
was working in toto. Even a remote muscle of the facial nerve springs 
readily into action on the slightest voluntary or reflex movement of 
another muscle of this nerve. This simple thesis explains the great num- 
ber of phenomena observed in associated movements of the facial mus- 
cles. These phenomena are known as signs or reflexes, often with proper 
names attached. There is a common denominator for all of them: as- 
sociated mass movements, instead of single movements. A dedifferen- 
tiation of movements has taken place. A phylogenetic regression, a throw- 
back, has brought a revival of the old primitive function of the facial 
muscles, which were at one time a single, compact and inseparable 
muscle. 


2. The second level of the associated movements of the ocular mus- 


cles is represented by those occurring after partial recovery from ocu- 
lomotor palsy. Here, the associated movements do not involve all the 
muscles innervated by the diseased nerve, as they do after facial palsy; 
only two affected muscles predominate—the levator palpebrae and the 
rectus internus. Thus, when the patient tries to innervate any part of the 
oculomotor nerve, for instance, when he looks downward, these two mus- 
cles spring into action: The patient automatically lifts his lid and ad- 
ducts his eye. The lifting of the lid may be pronounced. The action of 
the levator palpebrae is particularly linked with that of the rectus inter- 
nus; the eyelid lifts automatically on adduction of the eye. These two 
movements, i.e., adduction of the eye and elevation of the eyelid have 


31. Coppez, H.: Essai de classification de quelques syncinésies ocularies, Rev. 
oto-neuro-opht. 10:12, 1932; J. belge de neurol. et de psychiat. 32:245, 1932. 
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survived best and become predominant. Out of the ruins of the oculomo- 
tor innervation there is a resurrection of these two movements, which in 
some way have become even stronger than before. Both are fundamen- 
tally essential for the fixation of an object in the act of vision: lifting of 
the upper lid and adduction of the eye. These two movements might be 
compared with the flexor movements of the legs in cases of pyramidal 
lesions. They represent the “fixation reflex,’ which may be regarded 
as analogous to the “flexor withdrawal reflex” of the legs. 

Thus, like the facial muscles, the muscles innervated by the oc- 
ulomotor nerve have associated movements of their own which in no 
way are connected with the muscles innervated by the trigeminal or facial 
nerve as primary movers. These associated movements occur exactly as in 
the facial muscles after incomplete recovery from a palsy. The only dif- 
ference is that after palsy of the oculomotor nerve the two muscles which 
are apparently phylogenetically the strongest—the levator palpebrae and 
the rectus internus—move automatically whenever an impulse is sent to 
any muscle of the oculomotor nerve, though this muscle may be more or 
less completely paralyzed. 

3. The third level of associated movements is represented by move- 
ments performed by muscles which have undergone a much deeper 
segregation and separation than have the facial muscles, and at a much 
earlier stage of their phylogenetic development. When, through some 
morbid process, a dedifferentiation of these muscles takes place, the 
associated movements between these two muscles which formerly be- 
longed together do not occur so readily, and only after some profound 
morbid change. The winking-jaw phenomenon, the orbiculopterygoid 
associated movement described here, could be explained in this way. 
The orbicularis oculi muscle and external pterygoid muscle formerly be- 
longed together, as did the different parts of the facial muscles. A supra- 
nuclear lesion—a congenital malformation or an acquired pathologic 
process—allows these two muscles to work together again, as is the case 
with the different components of the facial muscles. When one looks at 
an illustration of the orbicularis oculi and external pterygoid (Cunning- 
ham**) and considers the proximity of these muscles and their somewhat 
parallel course, the idea of their close relationship seems not illogical. 
The proof that these two muscles phylogenetically or ontogenetically 
belonged together is still lacking. 

4. The fourth, and highest, level of associated movements is that of 
topographically remote, but physiologically related, muscles. This is 
scen in the Marcus Gunn phenomenon. Here the associated movement 
is much more complicated, involves other than neighboring muscles, has 


32. Cunningham, D. J.: Cunningham’s Text-Book of Anatomy, ed. 3, New 
York, Oxford University Press, 1931, fig. 340, p. 398. 
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a higher physiologic importance and serves a more vital function than 
the three types which have already been mentioned. Here an old, com- 
plicated, functional mechanism is released by some malformation or 
disease. While associated movements after injury to the third or seventh 
nerve are, so to speak, a local affair, an intrinsic function of neighboring 
muscles, without great physiologic significance, this is not so in the case 
of the Marcus Gunn phenomenon. Here the associated movement in- 
volves different territories, unearths old, more important, physiologic 
functions. It is not a local, but an “interstate,” affair. 


All four types of associated movements can be regarded as expressions 


of phylogenetic regression. In intrafacial associated movements it is : 

evident; it is apparent in intraocular associated movements; it is very 7 

probable in the winking-jaw phenomenon; it is very reasonable to assume i 

that the same mechanism of release is at work in the jaw-winking phe- 

nomenon of Marcus Gunn. ¢ 

MARCUS GUNN PHENOMENON VIEWED PHYLOGENETICALLY AND 
ONTOGENETICALLY 


Much has been written about the pathogenesis of this peculiar syn- 
drome. But all the different theories can be placed in two main cate- 
gories. According to one line of thought, abnormal connections exist, 
either between the nuclei or between the trunks of the trigeminal and 
oculomotor nerves. Harris** stated: 


Occasionally there is a communication between the motor nucleus [of 
the fifth nerve] and the third nucleus, especially between that portion supplying 
the depressors of the lower jaw and the nerve to the levator palpebrae. 

The famous ophthalmologist Uhthoff** assumed “first of all, an 
abnormal congenital connection between the oculomotor nerve and the 
nucleus of the third branch of the homolateral trigeminal nerve via the 
fasciculus longitudinalis posterior.” Some authors spoke of “congenital 
misdirection of fibers.’ Marin Amat*® assumed misdirection in the 
growth of the nerves at the periphery. 


All this, of course, could not be applied to acquired cases of the 
Marcus Gunn phenomenon. Many careful observations by noted neurolo- 
gists and ophthalmologists leave no doubt that, though the Marcus 


33. Harris, W.: Neuritis and Neuralgia, London, Humphrey Milford, 1926, 
p. 242. 


34. Uhthoff, W.: Ueber einen Fall von abnormer einseitiger Lidhebung bei 
Bewegungen des Unterkiefers, Berl. klin. Wchnschr. 25:721, 1888. 


35. Marin Amat, M.: Sur le syndrome ou phénoméne de Marcus Gunn, Ann. 


d’ocul. 156:513, 1919. 
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Gunn phenomenon is usually congenital, it may be acquired. One can 
only agree with Harlan,** who stated: 

. Of course, no morbid process could transfer a nerve fibril to another nu- 
cleus, and no explanation that supposes an abnormal nerve supply will serve our 


purpose. 

Against the view that the Marcus Gunn phenomenon is due to changes 
in the lower nerve mechanism, the following objection, generally speak- 
ing, may be raised. The lower motor mechanism innervates only indi- 
vidual muscles and does not achieve such fine coordinated action be- 
tween single muscles as is seen in the Marcus Gunn phenomenon. The 
lesion here, therefore, must be supranuclear. 

The pathogenesis of the Marcus Gunn phenomenon can be more 
easily and more correctly understood on the basis of general knowledge 
of associated movements, when one assumes that nothing new or abnor- 
mal has been added here, but something has been taken away, and this 
something has released old, preformed mechanisms. Going down the 
phylogenetic ladder, one finds the movement of opening the eye as- 
sociated with the opening of the mouth in wild animals when they de- 
vour their food. It has been noticed in cats during mastication and 
graphically illustrated by motion pictures (Pimentel’?). Harman ® 
stated: 

Now if you will watch the respiration of a fish you will observe that 
there is an association between the movements of the jaw and the gills; when the 
mouth is opened the spiracle dilates. It can be well seen in the gold-fish of 
aquaria; when the mouth is opened for breathing or when the fish swallows its 
food, the operculum covering the gills swings open. 

Going down the ontogenetic ladder, one commonly finds in children 
an associated movement of opening the eyes on opening the mouth. 
Children with photophobia involuntarily open their mouths in trying 
to open their eyes. Beaumont®® reported the case of a child with con- 
genital ptosis. When the child tried to raise her eyelids, she opened her 
mouth and closed it as soon as she stopped trying to open her eyes. An 
associated movement on forceful opening of the mouth, consisting of 
simultaneous wide opening of the eyes and spreading of the fingers, is 
found in children (Draseke,4? Steinmann*!). Gott*? described a com- 


36. Harlan, G. C.: Case of Associated Movement of Eyelid and Jaw, Oph- 
thalmoscope 2:177, 1904. 


37. Pimentel, P. C.: Gunn’s Phenomenon, Ophthalmos 2: 238, 1941. 


38. Harman, N. B.: Associated Jaw-Winking Movements, Tr. Ophth. Soc. 
U. Kingdom 23:356, 1903. 

39. Beaumont, W. M.: Synergic Movements of the Eyelids and Mouth, Brit. 
M. J. 2:629, 1907. 

40. Draseke, J.: Ueber Mitbewegungen bei Gesunden, Deutsche Ztschr. f. 
Nervenh. 68-69: 344, 1921. 
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plicated associated movement which he observed in normal children 1¥2 
to 12 years of age. When they were asked to open their mouths wide, 


les: 
they simultaneously opened their eyes wide, stretched their arms down- ing 
ward and spread their fingers wide apart. ‘aa 
Normal adults may retain remnants of associated movements between dit 
the eye and the mouth. It was observed (Schweigger**) that adults, too, ou 
show a tendency to open their mouths when asked to open their eyes. for 
Adults simultaneously open both eyes and mouth when moved by emo- mi 
tional stress, as in horror, astonishment or fear (Thorek**). Pick*® said: ar 
. . When one clenches the teeth forcibly and at the same time tries to open te 
the eyelids wide without moving the eyes upward and without wrinkling the fore- sit 
head, one can perform this only with great difficulty. But this can be performed i: 
at once, and with greater ease, when the mouth is even slightly opened. » 
Beaumont?’ stated: 
. The tendency of the mouth and eyes to open together may be readily 1 
tested by putting a finger between ones’ own teeth and gripping it firmly. If 
the eyes are now widely opened a relaxation of the grip will be experienced. P 
Or if the mouth be slightly opened and then the eyelids are opened to their widest n 
extent, we shall see if we look in a mirror that there is an inclination for the 
mouth to open still wider. This association of eyelids and mouth is recognized 
in the post-operative treatment of cataract, when it is usual for some days not 
to allow patients food which requires biting. 
All this indicates that to produce the Marcus Gunn phenomenon a 
new mechanism does not come into play, but, owing to some kind of re- ] 


lease, an old dormant, latent mechanism comes to the fore. Associated 
movements predominate at the beginning of phylogenetic and ontogenetic 
development. The child is a creature that performs mass movements. Fine, 
isolated, single movements are a later accomplishment. This later develop- 
ment is characterized by segregation and disassociation of movements. 
Many cerebral lesions, especially of the pyramidal tracts—congenital 
anomalies, even peripheral lesions, the latter by réaction a distance, mani- 
fest themselves by a defect in differentiation. Atavistic movements, relics 
of formerly purposeful movements, which represent a phylogenetic and 
ontogenetic regression, appear. The suppressed “anlage” toward associ- 
ated movements breaks through wherever opportunity presents itself. 


41. Steinmann, I.: Ueber Mitbewegungen bei Hilfsschulkindern, Ztschr. f. 
Kinderforsch. 39:83, 1931. 


42. Gott, T.: Eine wenig bekannte Mitbewegung und ihr Sinn, Ztschr. f. d. 
ges. Neurol. u. Psychiat. 66:93, 1921. 


43. Schweigger, in discussion on Siemerling: Ueber anatomischen Befund bei 
congenitaler Ptosis, Berl. klin. Wchnschr. 29:205, 1892. 


44. Thorek, M.: The Face in Health and Disease, Philadelphia, F. A. Davis 
Company, 1946, pp. 102-109. 


45. Pick, L.: Mitbewegung eines ptotischen Augenlides bei Kaubewegungen, 
Deutsche med. Wchnschr. 31:484, 1905. 
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Since the associated movements following a pyramidal lesion doubt- 
less represent a developmental regression, it is instructive and illuminat- 
ing to compare these movements in spastic paralysis with those seen, for 
instance, in the Marcus Gunn phenomenon. We find, then, in both con- 
ditions paralysis of movements, but not of individual muscles which carry 
out these movements. This means that a muscle which is unable to per- 
form the movement normally assigned to it may still perform such move- 
ment as part of a mass movement. In spastic paralysis affecting the left 
arm, for instance, the patient cannot perform the single movement of ex- 
tension of the wrist. However, when this patient clenches his fist, he 
simultaneously performs extension of the wrist. Similar conditions are 
seen in the Marcus Gunn phenomenon. When requested, the patient is 
unable to lift the ptotic right eyelid, but this movement is easily performed 
as an associated movement when the patient moves his jaw to the left. 
This physiologic similarity speaks, of course, for the Marcus Gunn 
phenomenon being also a phylogenetic regression, as is an associated 
movement seen after spastic paralysis. 


ASSOCIATED MOVEMENTS IN NORMAL PERSONS 


Von Sélder!! emphatically stated that he found his “corneomandibu- 
lar reflex” in normal persons. Goldin?’ saw it four times in 100 healthy 
persons. Trémner!® emphatically stated that he never found his “pterygo- 
corneal reflex” in normal persons. Foerster?® took the middle position. 
I myself have never seen the winking-jaw phenomenon in pronounced 
form in normal persons, but must admit that it may exist here in 
traces. The phylogenetic point of view propounded here provides the 
best explanation. Single movements are a late achievement in the de- 
velopment of the brain. The degree to which this development sup- 
presses the primitive, the phylogenetically old, “anlage” toward “out- 
moded” associated movements becomes stronger as the person matures. 
The end result, of course, differs from one person to another. Some retain 
in traces vestigial remnants of the tendency toward associated move- 
ments. This is often seen in facial muscles. These remnants of associated 
movements in normal adults are sometimes combined with some other 
motor defect. The whole gives a clinical picture of what Dupré called 
débilité motrice, or what Meige called infantilisime moteur. These other- 
wise healthy persons who cannot be called abnormal still show some con- 
stitutional motor inadequacy. All this makes it understandable why the 
winking-jaw phenomenon, being a vestigial remnant of a phylogeneti- 
cally old, a now extinguished, movement, may appear in traces in nor- 
mal subjects. This applies particularly also to intrafacial associated move- 
ments. The statement of von Sélder that a positive corneomandibular re- 
flex is found in normal persons cannot therefore be completely ignored. 
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COEXISTENCE OF VARIOUS TYPES OF ASSOCIATED MOVEMENTS 


In the same person and at the same time, one type of associated 
movements, as previously discussed, may coexist with another type. This 
is clinically and physiologically of importance and of interest. The com- 
mon ground of all four types makes this understandable. A certain mor- 
bid process, depending on its extension, may release one or more types 
simultaneously. The different movements thus generated my run paral- 
lel, may exist somewhat independently or may be antagonistic; they are 
coordinated, but one is not subordinated to the other. From such a com- 
bination stem clinical pictures which have been called “abnormal,” 
“extraordinary,” “amazing,” “complicated” cases of this and that syn- 
drome. 

Commonest is the combination of associated movements of types 2 
and 4. In cases of this type there exist simultaneously (1) intraoculo- 
motor associated movements due to an intrinsic lesion of the third nerve 
itself, and (2) associated movements, as seen in the Marcus Gunn phe- 
nomenon, due to a simultaneous lesion which reestablishes the old connec- 
tions between the third and the fifth nerve. In such cases, since the 
patient shows the Marcus Gunn phenomenon, he lifts the ptotic eyelid 
on movement of the mandible. But, in addition, he will lift the ptotic 
eyelid on looking downward or on looking inward. This is due to the 
existence of intraoculomotor associated movements. The elevation of the 
ptotic eyelid on looking downward is nothing else than the common 
Fuchs, or pseudo-Graefe, phenomenon seen after partial recovery from 
oculomotor palsy. The patient will also automatically lift the ptotic eye- 
lid when his healthy eye is closed. This is nothing else than the well 
known phenomenon called by de Mello Vianna*® ptosis a bascule and by 
Paccetti*? ptost a bilancia. There is nothing extraordinary in this phe- 
nomenon. It is simply a manifestation of one of the associated move- 
ments seen after oculomotor palsy (Wartenberg'*). A patient with 
such a one-sided palsy usually fixates an object with the healthy eye; 
but when this healthy eye is covered, the patient is forced to fixate the 
object with the affected eye. To do this, he must adduct the eyeball for 
near vision. In doing so, he automatically and involuntarily lifts the 
ptosed lid. To explain this phenomenon, there is no need to assume a 
functional synkinesis between the levator muscle on the diseased side 
and the orbicularis oculi muscle on the contralateral side. It is cer- 


46. de Mello Vianna, J.: Recherches cliniques sur les paralysies des muscles 
de l'oeil, Thesis, Paris, no. 417, 1893. 


47. Paccetti, G.: Sulle paralisi funzionali dei muscoli oculari, Policlinico 
(sez. med.) 3:101, 1896. 


48. Wartenberg, R.: Associated Movements in the Oculomotor and Facial 
Muscles, Arch. Neurol. & Psychiat, 55:439 (May) 1946. 
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tainly not the Marcus Gunn phenomenon, which is an associated move- 
ment between the fifth and the third nerve, but it is an assoicated move- 
ment inside the confines of the oculomotor nerve on one side. It is an 
associated movement of the levator palpebrae on the diseased side, con- 
tingent on the—conscious or unconscious—movement of the internal 
rectus on the same side. 


Another possible combination of associated movements is that of type 
1 and type 4. Here, a patient with congenital ptosis and the Marcus 
Gunn phenomenon on one side acquires a facial paralysis on the other 
side. If this paralysis leads to postparalytic associated movements, the 
following movements will occur. When the patient opens his mouth, he 
will lift the upper lid on the side of the ptosis, as in the Marcus Gunn 
phenomenon. But on the other side, that of the facial palsy, on opening 
of the mouth, he automatically will close the eye, owing to associated 
movements of the orbicularis oculi muscle and the muscles of the lower 
part of the face which participate in the opening of the mouth. Here 
lies the explanation of the peculiar cases seen by Miiller-Kannberg*® and 
Higier.® 

A case of congenital Marcus Gunn phenomenon in which a facial 
paralysis was acquired on the same side has apparently not been clearly 
and unmistakably described in the literature. The case of Uhthoff** 
might belong to this category, though the antagonistic influences of the 


two kinds of associated movements on the orbicularis oculi are not clearly 
seen here. 


Though the different types of associated movements discussed may 
occasionally coexist, and the patient may thus present a confusing pic- 
ture, it is of clinical and physiologic importance to keep these types of 
associated movements apart, not to mistake one for another and to keep 
the nomenclature clean and precise. Many sins have been committed 
on this score. Intraoculomotor movements have been mistaken for the 
Marcus Gunn phenomenon, as have also the associated movements after 
partial recovery from facial paralysis. It is easy to distinzuish these dif- 
ferent types of associated movements, and it must be stressed that the 
Marcus Gunn phenomenon does not occur after facial paralysis. The 
contradictory statement of Jean-Sédan*® to this effect is not correct. Of 
the numerous diagnostic mistakes of this kind seen in the literature, the 
case of Fay and Scott®® may be mentioned. These authors demonstrated 


49. Jean-Sédan: Trouble de l'appareil moteur des paupiéres, in Bailliart, 
P.; Coutela, C.; Redslob, E., and Velter, E.: Traité d’ ophtalmologie, Paris, 
Masson & Cie, 1939, vol. 3, p. 1073. 


50. Fay, T., and Scott, M.: Jaw Winking, Arch. Neurol. & Psychiat. 37: 208 
(Jan.) 1937. 
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a case of “typical peripheral paralysis of the right facial nerve” and 
stated: 


. . . When instructed to draw up the corner of the mouth, the patient showed 
a slight twitching movement beneath the right eye, and it was obvious that the 
condition was that known as “jaw-winking.” 

This is certainly not what is known as the jaw-winking, or the Marcus 
Gunn, phenomenon, but a common associated movement occurring after 
incomplete recovery after paralysis of the facial nerve. It was also in- 
correct and confusing when Leinfelder,®! speaking of “cases of Marcus 
Gunn phenomenon or jaw-winking,” mentioned the work of Frenkel 
previously discussed.1® This author dealt with the corneopterygoid re- 
flex, but not with the Marcus Gunn phenomenon. 


CONCLUSION 


Considered as an associated movement which has been suppressed 
in the course of phylogenetic development and has been released by a con- 
genital anomaly or an acquired lesion of the brain, the Marcus Gunn 
phenomenon fits perfectly into the general knowledge of pathologic as- 
sociated movements. There is nothing mysterious about it. The Marcus 
Gunn phenomenon does not deserve the designation “paradox,” which 
Massalongo*? assigned to it. Lifting of the eyelid on opening of the 
mouth is just as much—or as little—paradoxic as the associated move- 
ment of the tibialis anterior muscle on flexing of the thigh, as seen in 
pyramidal lesions. Both are release phenomena. 

In a previous publication,‘® an attempt was made to regard asso- 
ciated movements after injury to the seventh and third nerves as phylo- 
genetic regression. To this view I still adhere, despite a recent (1947) 
statement of Spaeth®: 

There is but little doubt that the pseudo-Graefe syndrome is a frank 
peripheral misdirection of regenerating third-nerve fibers. . . . The symptom com- 
plex is essentially an intermingling or misdirection of developing fifth cranial nerve 
fibers, and perhaps tracts, and the oculomotor nerve fibers. 

There is but little doubt in my mind that all these phenomena of as- 
sociated movements should be viewed from one point: that of develop- 
mental anatomy and physiology. 

The phylogenetic point of view, as taken here, cannot, of course, ex- 
plain every sign ever described in every case of the Marcus Gunn phe- 
nomenon or of other associated movements. But it offers a promising ap- 
proach to a fruitful discussion of the complex problems involved, both 
in the jaw-winking and in the winking-jaw phenomenon presented here. 


51. Leinfelder, P. T.: Neuro-Ophthalmology, in Wiener, M.: Ophthalmology 
in the War Years, Chicago, The Year Book Publishers, Inc., 1946, vol. 1, p. 600. 


52. Massalongo, R.: Sullo jaw-winking phenomen, Riv. di pat. nerv. 17: 
612, 1912. 
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SUMMARY 


When the cornea is touched on one side, as for elicitation of the 
corneal reflex, an automatic, involuntary movement of the jaw to the 
contralateral side may occur. This has been called the winking-jaw phe- 
nomenon. It is regarded as an inverted and reversed Marcus Gunn phe- 
nomenon (jaw-winking phenomenon). Since this jaw movement occurs 
with supranuclear lesions of the trigeminal nerve, it is a valuable diag- 


nostic test. Physiologically, it is regarded as an associated movement be- 
tween the orbicularis oculi and the external pterygoid muscle. It is 
viewed as a release phenomenon due to a supranuclear lesion—malforma- 


tion or disease—which has reunited these two muscles. They formerly 
belonged together and have been separated in the course of phylogenetic 
development. An attempt has been made to classify the various patho- 
logic associated movements of the ocular muscles and to view them all, 
including the Marcus Gunn phenomenon, as release phenomena. 
Note.—The article by Guiot5? reached me too late for consideration. 


University of California Medical School. 


53. Guiot, G.: Valeur localisatrice et prognostique du _ refléxe cornéo- 
ptérygoiden: Le phénoméne de la diduction lente du maxillaire, J. belge de 
neurol. et de psychiat. 44-46:233, 1946. 
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RESPONSES TO THERMAL STIMULI MEDIATED THROUGH 
THE ISOLATED SPINAL CORD 


MARTIN B. MACHT, M.D., Ph.D.* 
AND 

ROBERT A. KUHN, M.D. 

BALTIMORE 


T IS NOW generally accepted that in mammals the essential heat- 
regulating mechanism of the central nervous system has a supraspinal 
localization; and numerous studies have proved conclusively that the 
functional integrity of the hypothalamus is necessary for normal tem- 
perature control. Shivering and ‘panting, effective in raising or lowering 
the body temperature, do not occur if the connections between the hypo- 
thalamus and the remaining portions of the brain stem have been inter- 
rupted. Only isolated and ineffective fragments of these reactions can 
be elicited in animals with more caudally placed transections of the brain 
stem. Thus, Dworkin! observed shivering in bulbospinal rabbits exposed 
to cold, and Macht and Bard? evoked shivering and panting in mesence- 
phalic and bulbospinal cats at extremely low and extremely high body 
temperatures. However, none of these animals was successful in combat- 
ing the effects of changes in environmental temperature, and such re- 
sponses, although they are interesting theoretically, are ineffective and 
animals so prepared remain essentially poikilothermic. Since the role of 
the hypothalamus in the regulation of body temperature has been fully 
reviewed elsewhere,*® further elaboration is not required here. 

When the spinal cord of a warm-blooded animal is transected, that 
portion of the body innervated by the isolated cord neither shivers nor 


perspires in response to changes in environmental temperature; the high- 


*Formerly Captain, Medical Corps, Army of the United States. 

From the Quartermaster Corps Climatic Research Laboratory, Lawrence, 
Mass., and the Department of Physiology, Johns Hopkins University School of 
Medicine, Baltimore. 

1. Dworkin, S.: Observations on the Central Control of Shivering and of 
Heat Regulation in the Rabbit, Am. J. Physiol. 93:227, 1930. 

2. Macht, M. B., and Bard, P.: Studies on the Decerebrate Cat in the 
Chronic State (Motion Picture), Federation Proc. 1:56, 1942; A Study of Long- 
Surviving Mesencephalic and Bulbospinal Animals, Bull. Johns Hopkins Hosp., to 
be published. 

3. Ranson, S. W.: Regulation of Body Temperature, A. Research Nerv. & 
Ment. Dis., Proc. (1939) 20:342, 1940. 


754 


t 
% 
| 
Re 
3 
t 


MACHT-KUHN—RESPONSES TO THERMAL STIMULI 755 


er the level of transection, the more closely the animal approaches a 
poikilothermic state. Sherrington and Laslett* reported this absence of 
thermoregulatory responses in long-surviving spinal cats, dogs and mon- 
keys. Their findings were substantiated by Freund and Strasmann® and 
others,* and the subject was reviewed by Sherrington® in 1924. Clark‘ 
confirmed these earlier reports but observed that cats with low cervical 
transections acquire a slow adjustment after prolonged exposure to cold, 
resulting in partial maintenance of body temperature when the animal 
is exposed to a low environmental temperature for a long period. Since 
this acclimatization is not accompanied with any capacity for shivering 
in muscles innervated from below the transection or for vasoconstruction 
or erection of hair in any portion of the body, it is probable that this 
limited regulation of temperature is humoral and may be attributed to 
increased activity of the thyroid, which, in turn, may be dependent on 
the hypophysis.§ 

An analogous state obtains in men with total transections of the spinal 
cord. Head and Riddoch,® in the first systematic survey of the capacities 
of spinal men, did not observe shivering below the level of transection in 
their subjects on exposure to cold, nor have any subsequent investigators. 
Similarly, thermoregulatory sweating does not occur below the level of 
section, although profuse “spinal sweating” is commonly seen as a com- 
ponent of the mass reflex.1” This spinal sweating bears no relation to 
thermal stimuli except when such stimuli are effective in firing a mass 
reflex.10# 

Autonomous spinal responses to locally applied thermal stimuli have 
received little attention since Sherrington’s classic experiments on spinal 
animals.'! From his studies, he concluded that no discriminatory responses 


4. Sherrington, C. S., and Laslett, E. E.: Observations on Some Spinal Re- 
flexes and the Interconnection of Spinal Segments, J. Physiol. 29:58, 1903. 

5. Freund, H., and Strasmann, R.: Zur Kenntnis des nervésen Mechanismus 
der Warmeregulation, Arch. f. exper. Path. u. Pharmakol. 69:12, 1912-1913. 

6. Sherrington, C. S.: Notes on Temperature After Spinal Transection, 
with Some Observations on Shivering, J. Physiol. 58:405, 1923-1924. 

7. Clark, G.: Temperature Regulation in Chronic Cervical Cats, Am. J. 
Physiol. 130:712, 1940. 

8. Uotila, U. U.: On the Role of the Pituitary Stalk in the Regulation of 
the Anterior Pituitary, with Special Reference to the Thyrotropic Hormone, En- 
docrinology 25:605, 1939. 

9. Head, H., and Riddoch, G.: The Automatic Bladder, Excessive Sweating 
and Some Other Reflex Conditions in Gross Injuries of the Spinal Cord, Brain 
40:188, 1917. 

10. (a) List, C. F., and Pimenta, A. deM.: Sweat Secretion in Man: 
Spinal Reflex Sweating, Arch. Neurol. & Psychiat. 51:501 (June) 1944. (6) Head 
and Riddoch.9. 

11. Sherrington, C. S.: Qualitative Difference of Spinal Reflex Correspond- 
ing with Qualitative Difference of Cutaneous Stimulus, J. Physiol. 30:39, 1903. 
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to cold or warmth were evocable in such preparations below the level 
of section. With reference to the flexion reflex, he stated, “Neither mere 
touch nor cold nor warmth (unless amounting to injurious heat) evokes 
the reaction.”!! These conclusions have been generally accepted, and a 
search of the literature reveals no positive statements regarding spinal 
reflexes in response to thermal stimuli. Neither Head and Riddoch® nor 
subsequent investigators mentioned such reflexes in spinal man. The 
present paper presents evidence that the isolated spinal cord in the cat 
and in man is capable of mediating certain reflex responses to thermal 
stimuli. 
These reactions were first noted in chronic mesencephalic and bulbo- 
spinal cats prepared in the department of physiology of the Johns Hop- 
kins University School of Medicine, where additional studies were con- 
ducted on chronic spinal animals. Preliminary observations were made 
on men with physiologically complete transections of the cord at the 
Walter Reed Hospital, Washington, D. C., in the service of Lieut. Col. 
Lloyd Lewis, Medical Corps, and on newborn infants and older children 
at the Johns Hopkins Hospital, in the service of Dr. Nicholson J. East- 
man. The studies on spinal men were completed at the Cushing Veterans 
Administration Hospital, Framingham, Mass., in the service of Dr. Wil- 
liam Duane, Jr. 


STUDIES ON ANIMALS 


When a paw of a normal cat is immersed in water, it is withdrawn 
and shaken vigorously. In the intact animal this response is independent 
of both the temperature of the water or the body temperature of the 
animal, and it is evident that a tactile stimulus is capable of evoking the 
reflex. During an investigation of the behavior of mesencephalic and 
bulbospinal cats in the chronic state, it was observed that these animals 
would withdraw and shake a paw if that paw was immersed in water 
the temperature of which was at a certain level above or below the body 
temperature of the animal.? Because comparatively few reflex patterns 
are evocable in these preparations, and because the localization of re- 
sponses to thermal stimuli is poorly understood, it was decided to extend 
the investigation of this phenomenon. 


Ten normal cats and 31 cats with lesions of the central nervous system were 
studied. The animals were prepared for operation as follows: 


No. of Cats 
Ablation of all cortex except one frontal pole. 1 
Unilateral ablation of frontal pole Of CorteX....................-.sccss-cssssesssesssssersssseerensseesenecee 1 
Bilateral ablation of frontal poles of cortex seaiaiasielaiebeebtaaa 2 
Unilateral 
Mesencephalic and bulbospinal transection 14 


Spinal transection........ 
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These animals were studied in the chronic state, i.e., ten days to six months after 
operation. Localized lesions were made in an effort to delineate the portion of 
the central nervous system necessary for the elaboration of the withdrawal response 
to tactile stimuli. 


It was found that the removal of one frontal pole of the cerebral cor- 
tex resulted in loss of the tactile reflex contralaterally. Removal of all 
cortex except for the frontal pole of one hemisphere did not affect the 
tactile withdrawal reflex of the paws contralateral to the remaining corti- 
cal remnant.? These findings are in accord with the work of Bard and 
his co-workers,!2 who concluded that the control of tactile “placing” 
reactions of the cat is localized in the frontal poles of the cortex. 


Fig. 1.—Response of spinal cat, with transection at the seventh thoracic seg- 
ment, on the ninth postoperative day. 


After removal of the frontal poles, no reaction was evoked unless the 
temperature of the medium in which the paw was immersed was at a 
certain level above or below the body temperature of the animal. If such 
an animal was tested with “cold” and “hot” water, i.e., water of a tem- 
perature below or above that of the animal’s body temperature, two dis- 
tinct reaction patterns could be differentiated. In each instance the re- 
sponse was the same—a sharp, withdrawal followed by vigorous shaking 


12. Bard, P.: Studies on the Cerebral Cortex: I. Localized Control of 
Placing and Hopping Reactions in the Cat and Their Normal Management by 
Small Cortical Remnants, Arch. Neurol. & Psychiat. 30:40 (July) 1933. Bard, 
P.; Brooks, C. M., and Lowry, T.: Cerebral Localization of “Hopping and “Plac- 
ing’ Reactions in Cats, Rabbits, and Alligators, Am. J. Physiol. 101:3, 1932. 
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of the paw (fig. 1). However, the stimulus-response relationship for im- 
mersion in “cold” water was quite different from that for immersion in 
“hot” water. 

For “cold” water, the threshold for the response was dependent on a 
definite relation between the temperature of the water and the body 
temperature of the animal. For “hot” water, the threshold for the re- 


sponse was relatively constant regardless of the body temperature of the 
animal. 


These relations can best be demonstrated, and were originally noted, 
in chronic decerebrate cats. Because of the interruption of all connections 
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Fig. 2._-Thresholds for withdrawal of the paw of mesencephalic cat 11, on 
the eighty-third postoperative day. The black dots indicate values in the cold 
chamber, with falling body temperature; the clear circles, values in the heating 
chamber, with rising body temperatures. 


between the hypothalamus and the remaining neuraxis, such prepara- 
tions are essentially poikilothermic; it is a simple matter to raise or lower 
the body temperature by varying the temperature of the environment. 
Figure 2 illustrates the results of an experiment performed on a 
mesencephalic cat on the eighty-third postoperative day. In this experi- 
ment, the threshold for withdrawal from water above body temperature 
was arbitrarily designated as the lowest temperature of water from which 
the paw was withdrawn within ten seconds. Threshold for withdrawal 
from water below body temperature was designated as the highest tem- 
perature of water from which the paw was withdrawn within ten seconds, 
The paw was carefully dried after each immersion, and an interval of at 
least five minutes occurred between each test. Thresholds for withdrawal 
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of the paw from both “cold” and “hot” water were first tested with the 
animal’s rectal temperature at 39.0 C. The cat was then placed in the 
cold room, and thresholds were repeatedly tested as the rectal tempera- 
ture dropped to 28.8 C. The animal was then removed from the cold 
room and placed in a heating chamber. Thresholds were again tested 
until the rectal temperature had returned to 39.0 C. 

The results indicate that in the case of immersion in “cold” water 
the minimum difference between the rectal temperature of the animal 
and the temperature of the water necessary to produce a response is an 
approximately linear function of the rectal temperature of the animal 
within the range of temperatures investigated. In contrast to this, the 
threshold for the response produced by immersion in “hot” water is inde- 
pendent of body temperature; the threshold is high (approximately 50C. ) 
and relatively constant. 


On the basis of these observations, it may be assumed that in the case 
of immersion in “cold” water the receptors primarily involved are the 
end bulbs of Krause, which in the intact human subject are concerned 
with the sensation of cold, whereas in the case of immersion in “hot” 
water the receptors primarily involved are free nerve endings, which in 
the intact human subject are concerned with the sensation of pain. 

The withdrawal reflexes to nontactile stimuli were observed in long- 
surviving decorticate, mesencephalic and bulbospinal animals.? They 
were readily demonstrated in chronic spinal cats.1* In terms of the non- 
tactile responses, all these preparations were identical except that the 
reactions were most pronounced in the spinal animals. No difference was 
observed in the intensity of responses exhibited by low cervical and low 
thoracic preparations. Since the stimulus-response relations of the two 
reactions are different, the characteristics of the spinal reflexes resulting 
from immersion in “hot” and in “cold” water will be discussed separately. 


Immersion in “Cold” Water.—1. The movement produced was one 
of withdrawal, usually accomplished by flexion at the ankle, knee and 
hip, and typically followed by shaking movements of the paw, resembling 
an effort to rid the extremity of a noxious substance. At or near threshold, 
slight flexion, or merely a twitch, might be the only response elicited. 


2. The reflexogenous zone extended from the toes to the knee, the 


most responsive area being the foot pad. Here the reaction could be 
elicited by stimulation of a punctate area. This was best done by direct- 
ing a stream of ether or ethyl chloride on the foot pad threugh a fine 
hypodermic needle; the rapid evaporation of the compound resulted in 
cooling sufficient to evoke a response. 


13. Macht, M. B.: A Hitherto Unreported Spinal Reflex in the Cat, Fed- 
eration Proc. 3:138, 1943. 
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3. The reaction time ranged from approximately one-half to four 
seconds. If a rubber stocking was placed around the paw, supplying addi- 
tional thermal insulation, the reaction time could be lengthened to as 
much as eight seconds. 


4. After withdrawal of the paw from the “cold” stimulus, shaking 
of the extremity might continue for as long as fifteen seconds. 


5. The flexion response was accompanied with crossed extension of 
the opposite extremity. 


6. Adaptation occurred rapidly. If the paw was forcibly held in cold 
water for approximately fifteen seconds and was then released and al- 
lowed to dangle in the water, no movement occurred. Such adaptation 
was observed (a) in water as low as O C., (b) when a piece of ice was 
pressed against the foot pad and (c) when ether was continuously sprayed 
on the foot. 


7. That there is a relation between the temperature of the animal 
and the threshold for withdrawal of the paw is evident, but the exact na- 
ture of this relation is not entirely clear. It may be assumed that the tem- 
perature of the blood circulating in the paw closely approximates the 
rectal temperature. If this temperature is designated as x and the tem- 
perature of the water as y, then the minimum difference between x and y 
necessary to produce a response is an approximately linear function of x. 
However, the receptors for cold stimuli are situated close to the surface of 
the skin, and there is evidence that skin temperature is also related to 
threshold. If ether was sprayed on the foot pad for thirty seconds and 
the skin temperature of the pad lowered in this manner from an initial 
temperature of 34 C. to one of 22 C. (the rectal temperature remaining 
constant, at 37.5 C.), it was found that a lower temperature of the water 
was necessary to evoke the response of the paw on immersion, although 
the temperature of the blood circulating in the paw had been altered 
little, or not at all. Similarly, it will be noted in figure 2 that the tem- 
perature of water sufficiently low to elicit a response during the period 
when the body temperature was being raised was consistently higher than 
the threshold temperature of the water observed during the period when 
the body temperature was being lowered. It will be recalled that in the 
latter case the animal was in the cold chamber and the rectal (or blood) 
temperatures were always higher than the skin temperatures, while in the 
former case the animal was in the heating chamber under a battery of 
lamps and’the skin temperatures were higher than the temperatures of 
the blood. Thus, it is apparent that skin temperature is in some manner 
related to the response. On the other hand, the reaction may occasion- 
ally be obtained when the skin temperature is equal to, or even a few 
degrees lower than, the temperature of the water. 
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The explanation of these seemingly confusing data is probably as fol- 
lows: The temperature of water just low enough to evoke a reflex re- 
sponse is specifically related to the initial temperature of the receptors 
involved, to the temperature of the blood and to the skin temperature. 
[he response is evoked when spatial thermal gradients are altered. When 
the foot pad is covered with a tough, thick callus, the temperature of the 
circulating blood more closely approximates the temperature of the re- 
ceptors than does the surface skin temperature. Actually, the horny outer 
covering acts as thermal insulation, a fact which is demonstrated by the 
decrease in reaction time observed when such a callus is surgically re- 
moved from the foot pad. 

Immersion in “Hot” Water.—1. The movement produced was one of 
withdrawal of the paw, similar to that described for immersion in “cold” 
water. 

2. The reflexogenous zone extended from the toe pads to the knee, 
the most responsive area being the foot pad. 


9 


3. The reaction time ranged from approximately 0.5 to 8 seconds. 
The longer reaction times were observed at or near threshold and ap- 
parently were related to the relatively low temperature in the paw main- 
tained by the circulating blood, additional time being required to heat 
the extremity sufficiently to stimulate the free nerve endings. ‘The thresh- 
old could be lowered and the reaction time shortened by momentarily 
occluding venous return and, in this manner, permitting the temperature 
of the paw to rise more rapidly. A rubber stocking placed around the paw 
lengthened the reaction time but did not otherwise affect the response. 
t. After withdrawal of the paw from the “hot” stimulus, shaking of 

the extremity sometimes continued for several seconds. 

The flexion response was accompanied with cross extension. 

Adaptation did not occur except at or near threshold. 

The lowest temperature of water evoking a reaction bore no rela- 
tion to the skin or blood temperature, except at or near threshold, when 


the circulating blood, tending, as it does, to maintain a constant receptor 
temperature, may slightly raise the threshold and the reaction time. The 
threshold stimulus is sufficiently high (approximately 50 C.) to produce 
i sensation of pain in the normal human subject. 


STUDIES ON SPINAL MEN 


To gain further information regarding the functional capacity of the 
uman spinal cord, these studies were extended to spinal men. Unfortu- 
iately, one of the consequences of modern warfare is the production of 

nen with complete transections of the cord; it was during World War I 
that Head and Riddoch® were able to conduct their classic investigation 
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of such patients. Since that time, advances in medical knowledge have 
greatly increased the longevity of spinal men and have gone far toward 
permitting them to regain a useful and relatively comfortable existence. 
Improved emergency measures in combating surgical shock, the use of 
sulfonamide compounds and antibiotics in the treatment of infection, 
new methods of dealing with dysfunction of the bladder and modern 
physiotherapeutic rehabilitation have contributed to this end. Such in- 
vestigations as the present one are possible only because of the achieve- 
ments of Munro!‘ and other workers in the field. 


MATERIAL AND PROCEDURE 


Material.—A preliminary study of 6 men was conducted in 1942 at the Wal- 
ter Reed Hospital, Washington, D. C. Neurologic examination of these subjects 
indicated that each had sustained a complete transection of the cord, but anatomic 


TaBLe 1.—Levels of Transection of the Cord in the Patients Studied 
Levels of Transection, 


*Thoracic Segment No. of Patients 
3 2 
4 1 
5 4 
6 5 
7 2 
8 3 
9 2 
10 3 
12 2 


verification was lacking. The results of tests conducted at that time, however, in- 
dicated that the isolated human spinal cord, like the cat's, is capable of mediating 
responses to thermal stimuli. 


After a lapse of four years the investigation was resumed at the Cushing 
Veterans Administration Hospital, Framingham, Mass. Although many paraplegic 
patients were examined at this institution, the present paper is confined to a dis- 
cussion of men with anatomically proved complete transection of the spinal cord. 
Men on whom rhizotomies had been performed were excluded. Twenty-four pa- 
tients satisfying these criteria were studied. Levels of transection ranged from the 
third through the twelfth thoracic segments (table 1). 

Twenty-two men were wounded by high velocity missiles, and 2 suffered com- 
pression fractures of the vertebral column with division of the cord. The nature 
and extent of injury were in each instance determined by exploratory laminectomy. 
The results of examination and a summary of the pertinent data are contained 
in table 2. 

All these men were tested with thermal stimuli. 
Methods.—The subjects were seated (and supported when necessary) on a 


bed or examining table, with the extremities hanging freely over the side. When- 
ever possible, the skin temperature of the foot was determined by means of no. 30 


14. Munro, D.: Rehabilitation of Patients Totally Paralyzed Below the 
Waist, with Special Reference to Making Them Ambulatory and Capable of Earn- 
ing a Living: I. Anterior Rhizotomy for Spastic Paraplegia, New England J. Med. 
233:453, 1945; II. Control of Urination, ibid. 234:207, 1946; III. Tidal Drain- 
age, Cystometry and Bladder Training, ibid. 236:223, 1947. 
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Brown and Sharpe copper-constantan thermocouples and a Leeds and Northrup 
potentiometer. Water, at various temperatures, was used as the thermal stimulus. 
The containers employed were ordinary glass-walled aquariums, their transparency 
permitting accurate observation of the foot throughout the examination. Immersion 
was accomplished by slowly raising the vessel until contact was made with the 
foot. The extremity was carefully dried between tests, and when thresholds were 
being determined, five minutes was allowed to elapse between immersions in order 
to permit the skin temperature to reach equilibrium. The ambient temperature in 
all cases was 24 + 1C. The threshold for withdrawal from water above body 
temperature was designated as the lowest temperature of water from which the 
foot was withdrawn within ten seconds. The threshold for withdrawal from water 
below body temperature was designated as the highest temperature of water from 
which the foot was withdrawn within ten seconds. Motion pictures of the re- 
sponses were taken to permit more accurate analysis.15 


OBSERVATIONS 


In spinal men, as in spinal cats, immersion of the lower extremities 
in water of body temperature produced no observed effect. Immersion 
of the foot in water of certain temperature levels above or below body 
temperature evoked responses which in many instances were similar to 
the reflexes described in animals. 

Whereas the reaction pattern seen in all the cats tested was a stereo- 
typed and readily predictable one, which varied little from animal to 
animal, pronounced qualitative and quantitative differences were noted 
in the responses of spinal men to thermal stimuli (figs. 3 and 4). This 
was true of maximal as well as threshold stimuli. The reflex pattern 
evoked in any particular subject by thermal stimulation was constant and, 
in general, was similar to the reaction produced in that subject by noci- 
ceptive stimulation of the same reflexogenous zone. The degree of re- 
sponse appeared to be roughly proportional to the activity of other spinal 
reflexes, particularly the tendon jerks. However, this was not always the 
case. For example, patient 2 (with section at the tenth thoracic segment) 
exhibited only a barely perceptible response to percussion of the patellar 
tendons, and the achilles reflex was completely absent bilaterally; yet his 
thermal responses were vigorous and dramatic (table 2). Extremely 
spastic patients always responded to thermal stimuli in a more exagger- 
ated fashion than did subjects in whom spasms were less prominent. 

Types of Response-—The most frequently observed response was one 
of triple flexion at the ankle, knee and hip, resulting in complete with- 
drawal of the extremity from the water. One muscle group usually acted 
predominantly. Thus, some subjects showed predominant flexion at the 
hip, so that the foot was lifted almost vertically from the water, whereas 
others responded principally with flexion at the knee, bending back the 


15. Macht, M. B.: Autonomous Spinal Responses to Thermal Stimuli: A 
Study of Spinal Men, Federation Proc. 6:161, 1947. 
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leg on the thigh. Triple flexion was usually accompanied with adduction 


of the extremity involved, although occasionally the opposing movement 
of abduction occurred. In many cases stimulation of one extremity re- 
sulted in a bilateral movement but the flexion-crossed extension response 


Fig. 3.—Withdrawal responses from “hot” and “cold” water, with strong 
extensor component, in a man with transection of the spinal cord at the sixth 
thoracic segment. 


Fig. 4.—Withdrawal response from “cold” water in a man with transection 
of the spinal cord between the third and the fourth thoracic segment. The move- 
ment is primarily flexor. 
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THERMAL STIMULI 


MACHT-KUHN- 


RESPONSES TO 


was not observed typically Two men showed only dorsiflexion of the hal- 
lux and fanning of the toes to thermal stimulation. One patient exhibited 
only bilateral adduction at the hip. 

Although the withdrawal movement is primarily one of flexion, vari- 
ous combinations of flexion and extension were observed in spastic per- 
sons. In this group of patients the flexion withdrawal movement was fre- 
quently followed by marked extensor or flexor spasms, lasting several 
minutes and sometimes accompanied with spinal sweating. In these cases, 
thermal stimulation undoubtedly evoked a form of mass reflex. 

When responses occurred, they were qualitatively the same for both 
“cold” and “hot” stimuli. However, in order to avoid the risk of injury, 
men were rarely tested above threshold with “hot” stimuli. For this 
reason, the responses observed for heat were, in general, much weaker 
than the maximal responses to cold. No relation was observed between 
the level of section of the cord (third to twelfth thoracic) segment and 
the type or degree of response. 

Four subjects showed no response to thermal stimuli. These men were 
interesting because none of them had ever demonstrated any spinal re- 
flexes since injury. Their bladders were atonic and their tendon reflexes 
were absent. To all intents and purposes, they were still in spinal shock, 
although in each transection had occurred between two and three years 
previously. Two of these men (cases 5 and 23) were in poor general 
condition and displayed advanced atrophy of the lower extremities. How- 
ever, the other 2 men (cases 7 and 19) were in excellent condition, with 
little or no atrophy below the level of section. Whether these men were 
in true spinal shock or whether they represented, in man, the state of 
isolation dystrophy described by Sherrington in spinal animals,'® was 
not possible to determine. 

One of these patients (case 23) presented a unique opportunity for 
an examination of peripheral nerve function in one lower extremity. This 
man had a deep and troublesome decubitus ulcer in the left ischial region, 
which required surgical intervention. At operation, the left sciatic nerve 
was exposed and was stimulated faradically by both surface contact of 
the electrodes with and their insertion into the nerve trunk. No response 
whatever could be evoked by such stimulation, although the nerve did 
not look in any way abnormal. 


Thresholds for Thermal Responses.—For several reasons, complete 
studies of threshold stimuli for these men could not be conducted. All 
the subjects were volunteers, and care was taken to avoid any injury or 
discomfort. Because they fatigued easily, it was feasible to work with 


16. Sherrington, C. S.: Experiments in Examination of the Peripheral Dis- 
tribution of the Fibres of the Posterior Roots of Some Spinal Nerves (Croonian 


Lecture), Phil. Tr. 190B:45, 1898. 
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them only for short periods at a time. Unlike mesencephalic cats, whose 
body temperatures can easily be raised or lowered, it is rather difficult 
to alter the internal temperature of the foot of a spinal man. It would 
have been desirable to have made subcutaneous temperature measure- 
ments of the foot, but permission for such procedures could not be ob- 
tained. For these and other reasons, certain of our conclusions regarding 
threshold stimuli are, of necessity, based on inferential reasoning and 
on evidence obtained in animal experiments. 


Threshold for Response to “Cold” Stimult.—Initial skin temperatures 
ranged from 32 to 28 C. (89.6 to 82.4 F.); little or no correlation be- 
tween the threshold temperature of the water and skin temperatures was 
observed within this range. The threshold “cold” stimulus varied from 
18 to 32 C. (64.4 to 89.6 F.). The mean threshold “cold” stimulus was 
a water temperature of 26.8 + 3.1 C. For 15 of the 20 men in whom 
thermal responses could be evoked, thresholds were between 25 and 30 C. 
(77 and 86 F.). For these subjects, the average difference between skin 
temperatures and water temperatures was 4 + 0.2C. The threshold 
stimulus for 2 men was 24 C. (75.2 F.), and for each of 3 subjects they 
were 18, 22 and 32 C. (64.4, 71.6 and 80.6 F.), respectively. ‘The thresh- 
old for any single subject was fairly constant under similar conditions, 


and the readings on repeated examinations of the same subject usually 
checked within 1 degree C. 


Various procedures were carried out in an attempt to modify the 
threshold for “cold.” Prior immersion of an extremity for ten minutes 
in water considerably above body temperature resulted in a change of 
threshold in 6 of 7 subjects so tested. 

Dec. 2. 1946 (case 13): Transection between the third and fourth thoracic 
segments. Initial skin temperature, 30 C. (86 F.). Ambient temperature, 24 C. 
(75.2 F.). Threshold “cold” stimulus, immersion in water at 28 C. (82.4 F.). No 
response at 29 C. (84.2 F.). Extremity immersed in water at 46 C. (114.8 F.) 
for fifteen minutes (“hot” threshold, 49 C. [120.2 F.]). Skin temperature after 
immersion 42 C. (107.6 F.). Subsequent immersion in water at 32 C. (89.6 F. 


produced withdrawal response. 

In an effort to raise rapidly the internal temperature, as well as the 
skin temperature, of the foot, the venous return was occluded for fifteen 
minutes in 5 subjects by the inflation of a sphygmomanometer cuff about 
the lower part of the leg, with pressure maintained at 80 mm. of mercury. 
No change in the threshold of response to “cold” stimulus was observed. 
Arterial occlusion of the lower extremity, however, produced a profound 
effect on the response to “cold” exhibited by 5 subjects so tested. This 
is illustrated by the protocol of an experiment performed in case 10 on 
Feb. 12, 1947 (transection between the fifth and sixth thoracic segments ) 


10 


10 
1( 
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Room temperature, 24 C. (75.2 F.) 

Rectal temperature, 37.2 C. (98.96 F.) 

Blood pressure, 136 systolic and 74 diastolic 
Initial skin temperature of foot, 29 C. (84.2 F.) 
Initial threshold for response to “cold”: water at 27 C. (80.6 F.) 
Initial threshold for response to “heat”: water at 50 C. (122 F.) 
Sphygmomanometer cuff inflated about leg 15 cm. above ankle; 
pressure maintained at 200 mm. of mercury 

Foot immersed in water bath at 29 C. 

Skin temperature of foot, 29 C. 

Water bath removed; foot cyanotic 

Foot dried and threshold tested 

Threshold for “cold”: water at 26 C. (78.8 F.) 
Threshold for “heat”: water at 50 C. 

Foot replaced in water bath 

Skin temperature of foot, 29 C. 

Water bath removed; foot cyanotic 

Foot dried and thresholds tested 

Threshold for “cold”: water at 26 C. 

Threshold for “heat”: water at 50 C. 

Foot replaced in water bath 

Skin temperature of foot, 29 C, 

Threshold for “cold”: 20 C. (68 F.) 

Threshold for “heat”: 49 C. (123.8 F.) 

Foot replaced in water bath 

Skin temperature of foot, 29 C. 

Threshold for “cold”: water at 16 C. (60.8 F.) 
Threshold for “heat”: water at 49 C. 

Foot replaced in water bath 

Skin temperature of foot 29 C. 

Threshold for “‘cold”: water at 14 C. (57.2 F.) 
Threshold for “heat”: water at 50 C. 
Sphygmomanometer cuff removed 

Leg and foot hyperemic below level of cuff 

Skin temperature of foot, 30 C. (86 F.) 
Threshold for “cold”: water at 28 C. (82.4 F.) 
Threshold for “heat”: water at 50 C. 


These observations are in striking agreement with the studies of Clark, 
Hughes and Gasser!’ regarding the effects of pressure block on conduc- 
tion in the saphenous nerve of the cat and with the experiments of Lewis, 
Pickering and Rothschild'® on the differential loss of sensation produced 
in normal human subjects by arterial occlusion of an extremity. 


Forced immersion of the extremity in ice water for ten minutes pro- 
foundly modified the threshold for the response to “cold,” evidently as 


17. Clark, D.; Hughes, J., and Gasser, H. S.: Afferent Function in the 
Group of Nerve Fibres of Slowest Conduction Velocity, Am. J. Physiol. 114:69, 
1935, 

18. Lewis, T.; Pickering, G. W., and Rothschild, P.: Centripetal Paralysis 
Arising out of Arrested Blood Flow to the Limb, Including Notes on Form of 
Tingling, Heart 16:1, 1931. 
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a result of adaptation. Such a procedure resulted in complete abolition 
of the reflex to “cold” stimulation for a period of thirty to sixty seconds, 
and subsequent immersion, three to five minutes after this time, revealed 
that a much lower temperature of water was required for a threshold 
response. 


Thresholds for Response to “Hot” Stimuli—The threshold stimulus 
for withdrawal from water above body temperature varied from 47.5 to 
54 C. (117.5 to 129.2 F.). In general, examinations at temperatures high- 
er than threshold were not performed for fear of causing injury. One 
subject (case 18), who exhibited a response to immersion in “cold” water, 
showed no response to water at 50 C. and was not tested at higher tem- 
peratures. 


The mean threshold stimulus for the response to “hot” stimuli was a 
water temperature of 49.7 + 1.8C. As in the case of “cold” stimuli, the 
threshold for any one subject was constant. Moreover, the only modifica- 
tion in threshold was obtained when venous return was occluded by the 
application of a cuff to the lower part of the leg. In 6 of 7 men so tested, 
this procedure resulted in a lowering of the threshold by 1 or 2 degrees, 
(C.), probably because it was no longer possible for the circulating blood 
to cool the foot sufficiently to prevent stimulation of free nerve endings. 


Arterial occlusion for forty minutes produced no appreciable effects 
on the response to heat. 


Prior immersion of the foot in ice water had no effect on the thres- 
hold but increased the reaction time. 
No adaptation was observed except at or near threshold. 


COMMENT 


It is somewhat surprising that these vigorous and striking responses 
to thermal stimuli have not been described by previous investigators. 
Sherrington and Laslett,® in 1903, immersed spinal animals in ice water, 
but they did not mention any specific reflex movements evoked by this 
procedure. Absence of such a response is probably best explained by the 
adaptation of the receptors to the cold stimulus. As previously stated, 
such adaptation occurs rapidly, and after a short period of immersion 
the limbs become unresponsive. Any flexion responses exhibited initially 
by their animals may have been interpreted by Sherrington and Laslett 
as the “mark time” reflex, or as spontaneous running movements. Sher- 
rington!! did report flexion reflexes in response to “injurious heat” and 
attributed them, as we do also, to stimulation of receptors which nor- 
mally subserve the sensation of pain. Bazett and Penfield!® kept their 


& 


19. Bazett, H. C., and Penfield, W. G.: A Study of the Sherrington Decere- 
brate Animal in the Chronic as Well as the Acute Condition, Brain 45:185, 1922. 
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decerebrate cats immersed in water, but in this case it is not surprising 
that no reactions were observed, since the water was always thermostatic- 
ally controlled at 37 C. It is interesting that many of the paraplegic sub- 
jects examined in these experiments volunteered the information that they 
had observed movements of their lower extremities when taking a cold 
bath or when cold water was inadvertently splashed on a foot. 

Analysis of sensation or any subjective reactions in animals is impos- 
sible, for, by definition, a subjective impression is one which in order to 
be known by others must be reported by the subject himself. Thus, the 
subject must be able to verbalize, and the afferent impulses must travel 
from the receptors to the cerebral cortex in order to be perceived and 
reported. These criteria, obviously, cannot be fulfilled in spinal men 
when the receptors stimulated are innervated by the isolated cord. It 
follows, therefore, that any conclusions regarding the modalities of sen- 
sation involved in these responses must be based on inferential reasoning. 

Endres,2° and Bazett, McGlone and associates,24 among others, veri- 
fied the theory of the dependence of cold sensations on Krause’s end or- 
gans, as originally suggested by von Frey.?? The manner in which tem- 
perature sensations are induced, however, is the subject of considerable 
controversy. We are in agreement with Ebbecke’s?? classic hypothesis that 
temperature sensations occur when spatial thermal gradients are altered 
(“A sensation of cold is produced when warm blood streams into cold 
skin”). A modification of this theory, proposed by Bazett and McGlone,?4 
is that induction of thermal sensation occurs as the result of either cool- 
ing or warming of the blood, or both, if this happens in the neighborhood 
of the end organ, whether the alteration in temperature resulted from 
a change in temperature of the tissue as a whole or from the flow of blood 
across a thermal gradient. This would readily explain adaptation to cold, 
for, as the lowered temperature progressed inward, the blood would be 


20. Endres, G.: Punktionsnarkose von Rezeptoren, Ztschr. f. Biol. 89:536, 
1930. 


21. Bazett, H. C.; McGlone, B.; Williams, R. G., and Lufkin, H. M.: 
Studies in Sensation: I. Depth, Distribution and Probable Identification in the 
Prepuce of Sensory End-Organs Concerned in Sensations of Temperature and 
Touch, with Observations on Thermometric Conductivity in the Prepuce, Arch. 
Neurol. & Psychiat. 27:489 (March) 1932. 

22. von Frey, M.: Beitrage zur Sinnesphysiologie der Haut, Ber. u. d. Ver- 
handl. d. Kong. Sachs. Gesellsch. d. Wissensch. 2: 166, 1895. 


23. Ebbecke, U.: Ueber die Temperaturempfindungen in ihrer Abhiangigkeit 
von der Hautdurchblutung und von den Reflexzentren, Arch. f. d. ges. Physiol. 
169:395, 1917. 

24. Bazett, H. C., and McGlone, B.: Studies in Sensation: II. Mode of Stim- 
ulation of Cutaneous Sensations of Cold and Warmth, Arch. Neurol. & Psychiat. 
27:1031 (May) 1932; III. Chemical Factor in Stimulation of End-Organ Giving 
Temperature Sensations, ibid. 28:71 (July) 1932. 
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cooled before reaching the end organ, and neither strong thermal gradi- 
ents nor local cooling of blood would be much in evidence. 

The responses of spinal animals and spinal men to immersion in 
“cold” water appear to be in accordance with this theory, and our experi- 
mental results indicate that the receptors involved are Krause’s end 
organs. In other words, the effective stimulus is one of cold rather than 
of pain. The evidence for this view is as follows: 


1. Normal human controls with blood and skin temperatures identi- 
cal with those of spinal subjects report that water at a sufficiently low 
temperature to evoke a withdrawal response in spinal men feels “cool,” 
“slightly cold” or “cold,” but never “painful.” 


2. Poikilothermic animals exhibit a linear relation between rectal 


(and presumably blood) temperature and threshold of response. The 
threshold in spinal men can be modified by prior immersion of the ex- 


tremity in water of very high (45 C. [113 F.]) or very low 5 C. [41 F.]) 
temperature. 


3. Arterial occlusion of an extremity results in modification of the 
threshold for withdrawal from water below body temperature in a man- 
ner which sugests that the modality of sensation involved is cold. 


Gasser and Erlanger,?5 whose fundamental work on the specificity of 
afferent nerve fibers has yielded results of far reaching importance, 
studied the compound action potential of mixed nerve trunks. They 
concluded that (a) the velocities of fibers vary directly with their dia- 
meters and (b) the potentials in the fibers affect a potential-recording 
devise in proportion to their cross sectional areas. Clark, Hughes and 
Gasser'? studied the order in which the different fibers of the saphenous 
nerve of the cat were blocked when a pressure cuff, placed around the 
leg of the animal, occluded the arterial inflow. The results of their ex- 
periments complemented dramatically the findings of Lewis, Pickering 
and Rothschild,'* who studied similar asphyxial blocks in human subjects. 


The time relations of the loss of sensation in man furnish a striking parallel 
to the time relations of the changes in the electroneurogram of the cat’s saphenous 
under analogous conditions. For the first 15 minutes, in the human experiment, 
no loss of sensation occurs. During a similar period the electroneurogram of the 
cat’s saphenous shows no change except a slight slowing of conduction rates. In 
man, the sensations of touch, pressure, vibrations, and position begin to disappear 
rapidly after about 15 to 20 minutes, and the sensation of cold begins to go at 
about the same time or slightly later. In the cat, there is rapid disappearance of 
the “A” and “B” elevations during this period. After 30 to 45 minutes the human 

25. Gasser, H. S.: Conduction in Nerves in Relation to Fiber Types, A. 
Research Nerv. & Ment. Dis., Proc. 15:35, 1935. Gasser, H. S., and Erlanger, 
J.: The Role Played by the Sizes of the Constituent Fibers of a Nerve Trunk 


in Determining the Form of Its Action Potential Wave, Am. J. Physiol. 80:522, 
1926. 
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subject has completely lost the sensations named above and the only responses 
obtainable from the area distal to the cuff by any sort of intensity of stimulus are 
delayed sensations of warmth and of a severe burning pain. In the cat’s saphenous 
at this time all “A” and “B” fiber activity has been lost and the “C”’ fibers alone 
are conducting impulses through the asphyxiated region. After release of the cuff 
the sensations in man and the electroneurogram in the cat return in a few min- 
utes to the normal state.1* 

In the light of these studies, our results with arterial occlusion of the 
lower extremities of spinal men afford suggestive evidence regarding the 
modalities of sensory stimulation involved in evoking the withdrawal re- 
sponse. Arterial occlusion for twenty to thirty minutes strongly affects 
the threshold for withdrawal from “cold” water. After thirty minutes, 
the response to “cold” water is virtually absent, and, apparently, a “‘cold- 
pain” stimulus is required to obtain the reaction. The threshold for “hot” 
stimuli, on the other hand, is not altered to an appreciable extent. Within 
five minutes after the pressure has been released, the threshold for “‘cold” 
stimulus returns to its original level. 


4. The rapid adaptation to the stimulus is typical of thermal recep- 
tors and occurs more rapidly and completely than would be expected of 
pain receptors.2® The responses to immersion in “hot” water appear to 
be due not to stimulation of the receptors for warmth, or end organs of 
Ruffini, but to stimulation of pain receptors, or free nerve endings. The 
evidence for this view is as follows: 

1. Normal human controls with similar blood and skin temperatures 
report that water of a temperature sufficiently high to evoke a withdrawal 
response in spinal men feels “painful” or “extremely hot,” but not merely 
“warm.” 


2. There is no relation between body or skin temperature and thres- 


hold, nor can the threshold be modified by prior immersion in hot or cold 

water. Thus, it would appear that the induction of an absolute tempera- 

ture of approximately 50 C. is required to elicit the reflex. This is not 

entirely in agreement with the concept of thermal pain advanced by 

Fujita?’ and Lewis and Hess?® that the duration of the gradient also 
ntributes to the production of such pain. 


3. Adaptation does not occur except at or very near threshold. 

26. Tower, S. C.: Nerve Impulses from Receptors in the Cornea, Proc. Soc. 
Exper. Biol. & Med. 32:590, 1935. Heinbecker, P.; Bishop, G. H., and O’Leary, 
J. L.: Pain and Touch Fibers in Peripheral Nerves, Arch. Neurol. & Psychiat. 
29:771 (April 1933; Analysis of Sensation in Terms of the Nerve Impulse, ibid. 
3 t (Jan.) 1934. 

27. Fujita, T.: Einige weitere Erfahrungen iiber den Hitzeschmerz, Jap. 
J. M. Sc. III, Biophysics 3:101 (Sept.) 1934. 

28. Lewis, T., and Hess, W.: Pain Derived from Skin and Mechanism of Its 
Production, Clin. Sc. 1:39, 1933. 
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4. Pressure block for thirty to forty minutes has no appreciable effect 
on the response. 


The withdrawal responses to both “hot” and “cold” stimuli are similar 
to other protective flexion reflexes exhibited by spinal subjects. How- 
ever, the shaking movements made by the spinal cat after withdrawal 
appear to be reactions to the fluid medium and are identical with those 
seen when the paw of a normal animal touches water. 


It is probable that all three of the withdrawal responses evocable in 
the cat, which are produced by tactile, cold and pain stimuli, respectively, 
also obtain in human beings. One hundred full term infants and 17 pre- 
mature infants, examined shortly after birth, responded to immersion of 
the foot in a manner similar to that of spinal subjects. These babies dis- 
played responses to “cold” or “hot” water but not to water of body tem- 
perature. On the other hand, blindfolded older children (5 to 7 years of 
age) withdrew the foot from water of any temperature.?® 


SUMMARY 


Data obtained in a study of 41 cats and 24 spinal men indicate that 
the isolated spinal cord in both cat and man is capable of mediating re- 
sponses to thermal stimuli. 

In the normal cat a withdrawal response, evoked by tactile stimuli 
and dependent on the functional integrity of the frontal poles of the 
cerebral cortex, masks two purely spinal reflexes. 

All three reflexes are of the protective flexion type. The responses to 
nontactile stimuli of decorticate, mesencephalic, bulbospinal and spinal 
cats are identical, though these reactions are most pronounced in the 
spinal preparation. 

Evidence indicates that the withdrawal response evoked by immersion 
in “cold” water is produced by stimulation of Krause’s end bulbs and 
that the sensory modality involved is cold. 

The response evoked by immersion in “hot” water is independent of 
skin or blood temperature and is apparently produced by stimulation of 
free nerve endings. The sensory modality involved is probably pain. 

Twenty of 24 men with anatomically proved complete transections of 
the thoracic portion of the spinal cord (third to twelfth segment) ex- 
hibited similar responses to thermal stimuli. The level of transection was 
not found to be related to strength, type or threshold of response. 

The 4 subjects who showed no reaction to thermal stimuli had never 
exhibited spinal reflexes of any kind since injury. 


Department of Physiology, Johns Hopkins University School of Medicine. 


29. Macht, M. B.: Responses of Infants and Older Children to Thermal 
Stimuli, to be published. 
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TRYPAN RED THERAPY OF AMYOTROPHIC 
LATERAL SCLEROSIS 


Preliminary Report 


ROBERT B. AIRD, M.D. 
SAN FRANCISCO 


REVIOUS STUDIES on the supravital dyes vital red (c.i. no. 456; 

brilliant vital red)? and trypan red (c.i. no. 438)2 have shown that 
these acid dyes lower the permeability of the blood-cerebrospinal fluid 
barrier and the blood-brain barrier for various test agents, such as cocaine 
and triphenylphosphite. This effect is associated with the protective 
action of the dyes in both experimental epilepsy and human convulsive 
states. The effect of vital red was demonstrated by the fact that it 
afforded protection against various epileptogenous agents, and by direct 
spectrophotometric determinations, which showed that it lowered the 
permeability of the blood-cerebrospinal fluid barrier to cocaine hydro- 
chloride. Since it was found that the supravital dye had no central 
effect on the central nervous system, and no peripheral effect in neutral- 
izing or combining with the convulsive agents, it was postulated that the 
action of the dye on the blood-brain barrier was similar to its measured 
effect on the blood-cerebrospinal fluid barrier. The fact that vital red is 
an acid dye and stains intensely the endothelium of both the blood 
cerebrospinal fluid barrier and the blood-brain barrier further contri- 
buted to this conclusion. Direct evidence of the effect of the dye on the 
blood-brain barrier, however, was lacking. 


Trypan red, a supravital diazo dye closely related to vital red, was 
found to parallel the latter in its staining properties and its physiologic 
effect in affording protection against cocaine used as an epileptogenous 
agent in experimental epilepsy. The distribution of cocaine in the motor 
cortex, the cerebrospinal fluid and the blood of cats was accurately 
determined by spectrochemical methods under standard conditions. 


From the Division of Neurology, University of California Medical School. 

This work was supported by the Christine Breon Fund for Medical Research. 

1. Aird, R. B.: The Mode of Action of Brilliant Vital Red in Epilepsy, 
Arch. Neurol. & Psychiat. 42:700-723 (Oct.) 1939. 

2. Aird, R. B., and Strait, L.: Protective Barriers of the Central Nervous 
System: An Experimental Study with Trypan Red, Arch. Neurol. & Psychiat. 
51:54-66 (Jan.) 1944. 
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When similar groups of cats were given injections of trypan red, the 
amount of cocaine entering the cortex and cerebrospinal fluid was low- 
ered by about 30 per cent or more, while the concentration in the blood 
remained essentially the same. The alteration of the permeability of 
both the blood-brain and the blood-cerebrospinal fluid barrier by trypan 
red was thus established by direct methods. 


An obvious implication of these studies was the possible therapeutic 
value of the dyes in toxic and degenerative diseases of the central nerv- 
ous system. It was conceivable that the vital dyes might protect against 
toxic diseases of the central nervous system, such as retrobulbar neuritis, 
eclampsia and lead encephalopathy, as well as against toxic convulsive 
states. Cobb and associates* found that vital red protected against 
triphenylphosphite used as a convulsive agent. Studies by my associ- 
ates and me* verified this observation, and, in addition, indicated that 
triphenylphosphite was quickly hydrolyzed after its injection and that 
two distinct effects could be ascribed to its breakdown products. The 
phenol fraction produced early convulsive effects at the level of the 
cord, while the phosphorous acid fraction caused a delayed degeneration 
in the cord and brain stem. This suggested that the supravital dyes 
might have therapeutic value in degenerative diseases of the central 
nervous system of possible toxic origin. The systematic trial of the thera- 
peutic value of these agents in degenerative diseases of the central nerv- 
ous system of possible toxic origin, such as amyotrophic lateral sclerosis, 
as well as in toxic conditions of the central nervous system, thus ap- 
peared to be justified. The present report is a preliminary account of 
our experiences over the past seven years with the use of these dyes in 12 
cases of amyotrophic lateral sclerosis. 


METHOD 


The clinical diagnosis was established in each patient after a thorough study 
and was independently verified by one or more neurologists other than me 
Roentgenograms of the cervical portions of the spine were taken to rule out the 
rare possibility of cervical lesions associated with conditions simulating amyotrophic 
lateral sclerosis.6 Myograms and motion pictures of involved muscles were obtained 


3. Cobb, S.; Cohen, M. E., and Ney, J.: Brilliant Vital Red as an Anti- 
convulsant, J. Nerv. & Ment. Dis. 85:438-441 (April) 1937; Anticonvulsive 
Action of Vital Dyes, Arch. Neurol. & Psychiat. 40:1156-1177 (Dec.) 1938. 

4. Aird, R. B.; Cohen, W. E., and Weiss, S.: Convulsive Action of Tripheny| 
Phosphite, Proc. Soc. Exper. Biol. & Med. 45:306-309 (Oct.) 1940. 

5. Smith, M. I.; Lillie, R. D.; Elvove, E., and Stohlmann, E. F.: Pharma- 
cologic Action of Phosphorus Acid Esters of Phenols, J. Pharmacol. & Exper 
Therap. 49:78-99 (Sept.) 1933. 


6. Fay, T.: High Cervical Laminectomy in Three Cases of Amyotrophic 
Lateral Sclerosis, Tr. Am. Neurol. A. 68:63-66, 1942. 
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n most instances, and additional ones were made when possible for purposes of an 
‘bjective follow-up study. 

~ One per cent solutions of vital red and trypan red were prepared with triple- 
distilled water. The solutions were sterilized after Seitz filtration and injected 
‘ntravenously with the usual aseptic technic. In most instances 20 cc. of vital red 
was injected daily for five days, making a total dose of 100 cc. Daily injections 
of 10 cc. of trypan red were then given for from five to eight days, followed by 
similar injections every second day for three or four doses and every three or more 
days thereafter up to a total dose of 25 mg. per kilogram of body weight. 
Urinalyses for albumin, cells and casts were made frequently in the late stages of 
the injections, to guard against any toxic effect of the dyes on the kidneys. Injec- 
tions were given at slower intervals if the patient reported more than a trace of 
dye in the urine. The course of injections required from four to five weeks and 
resulted in a brilliant staining of the skin and conjunctival vessels. The scleras 
were stained a light pink. The dyes were excreted chiefly via the intestine, and 
secondarily by the sweat glands and the nasal and oral secretions. 

No immediate or late toxic effects were observed in this series other than 
occasional, transient photophobia and blurring of vision. No changes were found 
on ophthalmologic examination in these cases, and the condition invariably cleared 
over a period of from one to three weeks. Nonuse of the eyes and wearing of dark 
glasses materially added to the comfort of the occasional patients so afflicted. The 
use of vitamin A in high doses (25,000 units per day) was thought to benefit these 
patients and has also been used prophylactically for all the patients treated in the 
last four years. 

Although our experience with the dye therapy of amyotrophic lateral sclerosis 
is now more extensive, this report is limited to the 12 cases in which we have been 
able to maintain contact and obtain a good follow-up over a period of at least 
two years. 


RESULTS 


The salient factors in the 12 cases of amyotrophic lateral sclerosis 
studied in this series are presented in the accompanying tables, along with 
the results obtained with the dye therapy. In an attempt to facilitate 
an evaluation of the treatment, the results were arbitrarily classified on 
the following basis: 

Classification Results of Dye Treatment 


0 No objective improvement; possible subjective improvement 
1 Diminished fasciculation; subjective improvement 


9 


2 Diminished fasciculation; subjective improvement; suggestive slowing 
; of disease process (wasting and weakness) 
3 Process arrested; possible improvement in strength and weight 


In 3 cases there was no change, and in 4 cases diminished fascicula- 
tion was the only result of treatment. The disease process was sug- 
gestively modified in 3 cases and appeared to be arrested in 2 cases. 

Illustrative case reports of classifications 2 and 3 are given to indi- 

ate in more detail the type of neurologic alterations observed in some of 
the cases. 

Case 10 (classification 2).—M. L., a housewife aged 35, first noted “pluck- 
ng sensations’ in the left arm and weakness of extension of the fingers of the 


left hand in June 1941. The weakness progressed; movements of the left hand 
became clumsy, and obvious fasciculation and atrophy of the muscles of the left 
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hand developed over the next few months. Similar changes had appeared in the 
right hand by July 1942. At about the same time she first noted dragging of the 
left leg and some stiffness and weakness of both legs in climbing. Sensory symp- 
toms, probably secondary to the extensive changes in the motor system, consisted 
of questionable hypersensitivity in the arms, some muscular cramping and aching 
in the left arm, occasional slight pains in the left side of the neck and a dull, ill 
defined ache in the frontal and occipital regions. Slurring of speech and some 
impairment of emotional control had been noted in the fall of 1942. 


Examination.—On admission to the hospital, in November 1942, the patient 
was slightly obese, weighing 65 Kg., and was cooperative and intelligent. Slight 
slurring of speech was detectable. Moderate wasting of the muscles of both fore- 
arms and more advanced atrophy of the intrinsic muscles of the hands were 
associated with corresponding weakness and fascicular twitchings. The left hand 
and forearm showed these changes more prominently than the right. The fingers 
were slightly flexed in a manner suggestive of the ulnar claw hand, or main en 
griffe. The patient appeared somewhat round shouldered, and her head drooped 
well forward. Her gait was characterized by a slight lurching tendency and 
dragging of the left foot. General physical examination revealed no other abnor- 
malities of note. 


Neurologic Examination.—1. Strength of the muscles of the shoulder girdle 
and the biceps and triceps was approximately 20 per cent below normal; the 
pronators and supinators were severely affected, and alternating movements in- 
volving these muscles could not be performed; the extensor and flexor muscles of 
the forearms were very weak, being at least 40 per cent below normal on the 
right and 50 or 60 per cent below normal on the left; the intrinsic muscles of the 
hand were even more severely involved; the extensor muscles of the left great toe 
and foot showed slight weakness (10 to 20 per cent). 2. Fasciculation was noted 
at various times in the muscles of the shoulder girdle and the arm and'thigh and 
was invariably detectable (usually to a conspicuous degree) in the forearms. 
3. All deep reflexes were hyperactive, but those on the left, except at the ankle, 
were more active than the corresponding reflexes on the right; Hoffmann’s sign 
was present bilaterally, and a Babinski reflex was obtained on the left side. 4. 
Slight spasticity of the muscles of both arms and of the left leg was present. 


Laboratory Data.—Lumbar puncture showed clear fluid, under an initial 
pressure of 210 mm. of water, a negative reaction for globulin, a normal colloidal 
gold curve and negative reactions to the Wassermann and Kolmer tests. Other 
laboratory examinations, including complete blood studies and urinalysis, gave 
normal results. A roentgenogram of the sinuses showed nothing unusual except 
for “minimal thickening of the mucous membranes” of the left ethmoid cells on 
the left side. Roentgenograms of the cervical portion of the spine were normal. 


Myographic Study.—Activity of the left deltoid muscle, the flexors of the left 
forearm and the extensors of the right forearm was associated with potentials of 
nearly twice the magnitude of those from the corresponding muscles of the oppo- 
site side in performance of the same work. In each instance the activity of the 
weaker muscles was associated with much greater variations of potentials, and 
rhythmic bursts of higher potentials occurred at the rate of approximately 3 to 
+ per second. The potentials of the left abductor brevis were very low and abnor- 
mal, whereas the corresponding muscle on the right side produced regular potenti- 
als of greater magnitude. 


Diagnosis.—The diagnosis was amyotrophic lateral sclerosis. 
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Treatment.—Trypan red therapy was decided on, and she was given a total 
of 160 cc. of a 1 per cent solution, in sixteen intravenous injections of 10 cc. each 
over a period of thirty-four days. This resulted in intense staining of the skin. 
The patient reported that she felt better after each injection, and the cramping 
pains of the left arm and the aching of the neck and shoulder were greatly im- 
proved. Fasciculation was considerably lessened in all muscles, progressively so to- 
ward the end of the course of injections and over the subsequent few weeks. 


Follow-Up Study.—On Jan. 29, 1943, ten weeks after treatment was begun, 
fasciculations were reported as rare, except at the time of the menses. Lisping 
speech and uncontrolled laughter were present, as before. Burning of the eyes, 
photophobia and blurring of vision had been noted in the past month. The ocular 
symptoms were benefited by wearing dark glasses. In this connection, she reported 
that she had suffered from burning and smarting of her eyes for four or five 
years, that her eyes were sensitive to red and that she had worn dark glasses with 
benefit for several years. Examination showed slight fasciculation in her forearms 
alone (observed at the time of the menses), hyperactive but equal reflexes and 
an equivocal Babinski sign on the left side. She was given vitamin A, 25,000 units 
per day, for her eyes. 

On Feb. 17, 1943 she was doing well. She could do things, such as manage 
a zipper, which she could not do before. Fasciculation was not noted in the legs 
and was only slight in the arms. The eyes were improved. Examination showed 
her speech and strength to be unchanged. Slight fascicular jerks were present in 
the muscles of the shoulders and arms, being more pronounced on the left. All 
deep reflexes were still very hyperactive, but about equal on the two sides. Ankle 
clonus was not observed. There was an equivocal Babinski sign on the left side. 


Follow-Up Injections.—Trypan red was administered as follows: 50 cc. of 
1 per cent solution in five injections, from Feb. 17 to March 29, 1943; 170 cc. 
of 1 per cent vital red in nine injections, from April 21 to July 13, 1943, and 
60 cc. of 1 per cent trypan red in six injections, from July 20 to Aug. 13, 1943. 
Further injections of 10 cc. of a 1 per cent solution of trypan red were continued 
at three week intervals. 

Examination on Oct. 18, 1943 showed that speech, posture and gait were 
somewhat worse. Slight fasciculation of the left lower eyelid and the left side of 
the face was noted. There was intermittent fasciculation of the biceps and triceps 
and the muscles of the forearms, being slight on the right and moderate on the 
left. Strength of the leg muscles was good. No wasting or fasciculation was noted 
in the legs. The deep reflexes were hyperactive but equal. Unsustained ankle 
clonus and a Babinski sign were elicited bilaterally. 

In January and February 1944, she had bronchopneumonia in the left lung. 
When she was seen on March 6, fasciculations were less than on the previous 
examination. She believed that her speech had improved. Her condition otherwise 
was about the same. Injections of trypan red were continued at intervals of three 
wecks. 


Myographic and Follow-Up Studies.—March 15, 1944: The potentials were 
smaller than in the previous myograms, especially those from the extensors of the 
left forearm, the left deltoid and the right adductor pollicis brevis. Tracings from 
the flexor muscles were about the same as before, except that their action was 
more evenlf sustained. Except for a few gross twitches of the deltoid, no fascicular 
phenomenon was observed at this time. 

August 14: Fascicular twitching in the muscles of the shoulder girdle and 
arms was present, as well as some in the thigh muscles. Her posture was 
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worse. Her gait was spastic, with short steps, and she had to be steadied. 
Speech was the same, or slightly worse. There was early atrophy of the tongue. 
Wasting of the deltoids and the muscles of the back was more marked than before. 
Reflexes and other signs were essentially unchanged. 

She continued to insist that her condition was materially improved after each 
njection. Specifically, she stated that the fasciculations were less pronounced, her 
strength, speech and balance were benefited and her ability to work about the 
house was improved. The improvement was said to continue for approximately 
three weeks with an injection of 10 cc. cf 1 per cent trypan red, and correspond- 
ingly for briefer periods after smaller injections. Her husband and mother repeat- 
edly corroborated this statement. 

August 29: She was hospitalized, after one month without treatment, with 
the hope of evaluating these points objectively. Two days after an injection of 
10 cc. of 1 per cent trypan red, she said she felt stronger and steadier. The fascic- 
ulations were noted to be less; her speech was more intelligible, and her gait 
possibly was somewhat improved. 

March 15, 1945: Her condition was essentially the same as on her last ex- 
amination, except that her speech was less intelligible and fasciculations, wasting 
and weakness were slightly worse. She still felt improved after each injection, the 
medications being continued at intervals of three weeks. 

Aug. 24, 1946: Slow progression of weakness and wasting was noted, and 
there was increased fasciculation of the pectoral muscles and the muscles of the 
back and neck. She had to be supported in walking. Her speech was unintelligible. 
Swallowing was difficult. Her weight was 46.4 Kg. Injections were discontinued. 

Dec. 24, 1946: Her condition was essentially the same. 

April 21, 1947: Her condition was reported as considerably worse. 


Summary and Comment.—A housewife aged 35 experienced pro- 
gressive wasting, weakness and twitching of the muscles, which led to 
treatment within one and one-half years of the onset of her illness. 
Examination revealed neurologic findings typical of amyotrophic lateral 
sclerosis. Her condition was judged to be moderately advanced, and 
the rate of progress of her disease at the time of the initial study was 
considered to be moderately rapid. Dye therapy was instituted and was 
maintained with follow-up injections every third or fourth week over a 
period of four years. Some evidences of improvement were observed, 
such as lessening of the muscle cramps and fasciculations, an increase in 
her strength and ability to accomplish specific tasks and suggestive im- 
provement in her gait and speech. Although these beneficial effects 
were repeatedly observed, the benefit was transient and of relative signifi- 
cance only as compared with her condition and the rate of progress of 
her disease when the dye therapy was discontinued or when the follow-up 
injections were delayed. Although the disease process definitely appeared 
to be slowed, it was at no time entirely arrested, and she gradually lost 
in weight and strength as the wasting of her muscles progressed. Where- 
as the degree of involvement and rate of progression were judged to be 
moderate one and one-half years after the onset of her illness, the rate of 
progression was slow in the subsequent four years and nine months and 
repeatedly appeared to be modified by the dye therapy. 
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Case 11 (classification 3).—G. W., a stock clerk and truck driver aged 34, 
noted weakness of his left ankle and left little finger two and one-half years prior 
to admission to the hospital. The entire left hand became weak two years before 
entry, and subsequently progressive weakness, wasting and fasciculation were 
observed in the muscles of both legs and arms. He was forced to discontinue work 
one and one-half years before admission. Parenteral injections of vitamin B com- 
plex and iron had been given from one to three times a week for two years. 
Vitamin E in large doses had been taken over the past one and one-half years. 

His past and family histories were noncontributory. 

Routine laboratory studies, including blood counts, serologic tests and uri- 
nalysis, revealed nothing abnormal. Roentgenograms of the spine were normal. 

Examination showed a thin man of middle-aged appearance, who limped, 
with a left foot drop, and who moved his hands in flail-like fashion. General 
physical and neurologic examinations revealed nothing remarkable except for the 
motor and reflex changes. Fascicular twitchings of the perioral, the left perior- 
bital, the deltoid and the pectoral muscles, and the muscles of the arms, forearms, 
hands and right calf were observed. Similar twitching was suggestively present in 
the tongue. Muscular atrophy involved all muscles of all the limbs, but was par- 
ticularly noticeable in the left deltoid, the right biceps and triceps, the intrinsic 
muscles of the left hand, the right quadriceps femoris and gastrocnemius and the 
left tibialis and peroneal muscles. Weakness corresponded closely with the wasting. 
The patient had no grip in the left hand, could not flex the right forearm or 
extend the left forearm or wrist against gravity, and could not dorsiflex the left 
foot. Examination of reflexes showed hyperactivity of the biceps and knee jerks 
on the left side and slight hyperactivity of the radial reflexes. The right knee jerk 
and triceps reflex were hypoactive, and all the others were absent. No reaction 
was obtained to the Babinski test. His weight was 86.3 Kg. 


Diagnosis.—The diagnosis was amyotrophic lateral sclerosis. 


Treatment.—Ninety-four cubic centimeters of a 1 per cent solution of vital 
red was given in five injections over a period of six days; 173 cc. of a 1 per cent 
solution of trypan red was administered in fifteen injections over a subsequent 
period of twenty-four days. This treatment resulted in a brilliant reddish dis- 
coloration of the skin. No toxic effects were noted. 


Follow-Up Study.—Aug. 24, 1944: On this day, when the final injection 
was given, the patient reported that the cramps in his thigh and calf muscles were 
greatly improved. He could balance better, and could climb stairs and roll from 
side to side in bed, activities which he previously could not perform. Muscular 
fasciculations were thought to be somewhat improved. Examination showed fascic- 
ulations only in the right triceps and the left adductor pollicis. Reflexes were 
essentially the same as before treatment, except for the right biceps and the right 
knee jerk, which were now within normal limits. 


Sept. 4, 1944: The patient could use the right hand almost normally, al- 
though it was still very weak. Use of the left hand also was improving. He could 
extend the wrists. His balance and gait were improved. He had written a letter 
for the first time in six months. His weight was 89.1 Kg. 


Oct. 2, 1944: Balance, posture and gait were improved. He could stand alone 
on his left toes. Slight fascicular twitchings were still observed at times in the tri- 
ceps, pectoral and thigh muscles. All involved muscles of the limbs were consider- 
ably stronger and less flabby. Color was almost normal except about the eyes. 

Dec. 2, 1944: Continued but less rapid improvement was observed. He had 
noted some increase in fascicular twitching during the night. He returned to work. 
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Jan. 15, 1945: Twitching and cramps in the feet were worse. Injections of 
10 cc. of trypan red at monthly intervals were started. 

March 19, 1945: He reported that twitching had diminished after the injec- 
tion in January, and general improvement slowly continued. Ankle jerks were 
elicited but were hypoactive. His strength was greatly improved, especially in the 
legs. He could dance and run. His weight was 90 Kg. 

Aug. 6, 1945: Twitching was worse, and weakness was more pronounced in 
the hands and arms, but not in the legs. These changes were observed to be gradual 
at first but later became more rapid. Injections of 5 cc. of trypan red every third 
week were started. 

Sept. 26, 1945: The patient showed no improvement or increase in color of 
the skin. Weekly injections of 10 cc. of trypan red were started. 

Nov. 6, 1945: He reported that improvement had started three weeks previ- 
ously and that his condition was now the same as before the slump in August. 
Injections of trypan red were continued, 10 cc. being given every third week. 

April 16, 1946: Improvement was maintained. Reflexes were within normal 
limits. The weight was 80 Kg. 

Oct. 22, 1946: Twitching and weakness in the arms and hands had again 
developed within the past six weeks. Injections of trypan red were increased in 
frequency, 10 cc. being given every week. 

Dec. 5, 1946: He had received six injections in the previous six weeks. This 
resulted in a considerable heightening of the color of his skin. Fasciculations were 
decreased and strength was noticeably improved in the hands and arms. His con- 
dition was now almost the same as before the relapse in October. Injections of 
10 cc. of trypan red were continued every second week. 

April 11, 1947: His general appearance and strength had slowly improved 
in the past five months. He had gained 6 pounds (2.7 Kg.) over the same period. 
He was able to lift objects with his left arm, which he could not do one year before. 
The strength in the right arm was good. The atrophy of the intrinsic muscles of 
his left hand appeared unchanged, but “his grasp was improved.” The Babinski 
sign was reported as present and the right knee jerk as absent. Otherwise, the find- 
ings were essentially the same as before. The referring physician reported that 
“this man is showing definite and steady improvement and is able to work daily.” 


Summary and Comment.—A clerk and truck driver aged 34 had 


shown progressive wasting, weakness and fasciculations of muscles over a 


period of two years, a condition which had failed to respond to intensive 
vitamin therapy. 


Examination showed changes typical of amyotrophic 
lateral sclerosis. 


The degree of involvement was judged to be moder- 
ately advanced, while the rate of progression was only moderate. Dye 
therapy resulted in dramatic improvement and an apparent arrest of 
his disease process. Progression of the disease process recurred, how- 
ever, on three subsequent occasions, once when the dye therapy was dis- 
continued and again during periods of inadequate follow-up injections. 
In all instances, adequate dye therapy again appeared to arrest the dis- 
ease and to improve his condition. Although unable to work for one 
and one-half years prior to the dye therapy, his condition improved suf- 
ficiently after the treatment that he was able to resume his work, which 


he has continued in the three subsequent years of observation and 
treatment. 
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COMMENT 


The fact that well over one-half the patients in this study showed a 
diminution of fasciculation, while a definite modification of the disease 
process was observed in less than half the same patients, indicates a lack 
of correlation between fasciculation and the rate of progress of the dis- 
ease process. The lack of correlation of fasciculation with respect to the 
progress of the disease was particularly noticeable in certain patients and 
in general was unmistakable in the first group. Although my enthusiasm 
was greatly bolstered in the early stages of this study by the concept that 
fasciculation might be used as an index of the degree of involvement or 
rate of progression of amyotrophic lateral sclerosis,’ further observations 
did not substantiate this theory. My experience tends to corroborate the 
conclusions of Wechsler and associates,’ namely, that there is no necessary 
correlation between fasciculation and the degree of involvement in amyo- 
trophic lateral sclerosis. 

The facts that the course of amyotrophic lateral sclerosis appeared 
to be modified in nearly one-half the patients and that an arrested state 
apparently could be achieved repeatedly in 2 patients suggest that this 
disease may have a toxic origin. This conclusion, of course, must be 
regarded as tentative, inasmuch as our group is not sufficiently large and 
our results are not sufficiently striking to warrant definite or final con- 
clusions. Assuming, however, that the dye therapy is of value in some 
cases of amyotrophic lateral sclerosis, one is led to consider seriously the 
possibility of a toxic etiologic factor in this condition. The demon- 
strated protective effect of the dyes in experimental epilepsy and cer- 
tain toxic conditions involving the central nervous system, and the predi- 
cation of possible therapeutic value of the dyes in amyotrophic lateral 
sclerosis on this basis, would lend support to such a possibility. 

That the results obtained were not more striking might be ex- 
plained in two ways: 1. The effect of the dyes in lowering the per- 
meability of the blood-brain barrier is rather limited and therefore could 
be expected to modify the course of the disease only in the less severe 
and acute cases. 2. Amyotrophic lateral sclerosis is not a single disease 
entity with but one origin, but, rather, is a disease complex with various 
possible etiologic mechanisms, any one of which may produce the clinico- 
pathologic picture known by this name. The first possibility would 
appear to be consistent with the data on the rate of progress observed in 
individual patients and their relative response to the dye treatment, as 
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indicated in the table. Furthermore, in the experimental studies with 
vital red and trypan red, a decrease in the permeability of the blood- 
brain barrier of only about 30 per cent was effected after intense staining 
(more intense than in the studies on human subjects). A similar trial of 
an agent capable of modifying barrier permeability to a greater degree 
would be of great value in answering this question, and possibly at the 
same time in achieving a more definite and satisfactory therapeutic con- 
trol of this disease. 

The second possibility, that of a disease complex of multiple etio- 
logic factors, has been discussed at length by Wechsler and his co- 
workers® and requires no further elaboration here. My data are not 
adequate to verify one or the other of these two possibilities. Even 
though the concept of multiple causation be correct, however, the first 
possibility might still operate to modify the effectiveness of the dye 
therapy, inasmuch as these two possibilities are not necessarily mutually 
exclusive. 

Although the results of this study are by no means conclusive, they 
appear sufficiently encouraging to warrant further investigation and are 
reported in the hope that a better evaluation of the dye therapy may be 
achieved by more widespread trial. 


CONCLUSIONS 


The therapeutic trial of vital red and trypan red for amyotrophic 
lateral sclerosis is reported for 12 patients followed over a period of from 
two to seven years. The method of injection and the results are presented 
in detail. Fasciculations were diminished in the majority of patients; 
the rate of progress of the disease process was suggestively slowed in 
nearly half the patients, and an arrest apparently occurred in 2 patients. 
Although no final conclusions may be drawn from this limited study, the 
relation between treatment and improvement in several patients appeared 
more than coincidental, especially in those patients in whom a recurrence 
of the disease process, following discontinuance of the treatment, was 
again modified when adequate dye therapy was resumed. The possible 
significance of the results in establishing a toxic cause for amyotrophic 
lateral sclerosis is discussed. The study suggests that muscular fascicula- 
tion is not a reliable index of the progress of the disease. The results 
appear sufficiently encouraging to warrant further trial. 
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News and Comment 


APPOINTMENTS TO NATIONAL ADVISORY MENTAL HEALTH COUNCIL 

The appointment of Dr. Leo H. Bartemeier, associate professor of psy- 
chiatry, Wayne University College of Medicine, Detroit, and Dr. Carlyle Jacobsen, 
dean of the graduate school, State University of Iowa, Iowa City, to the National 
Advisory Mental Health Council was announced today by Mr. Oscar R. Ewing, 
Federal Security Administrator. Dr. Bartemeier and Dr. Jacobsen succeed Dr. 
David Levy, assistant professor of psychiatry, Columbia University College of 
Physicians and Surgeons, New York, and Dr. Edward A. Strecker, professor of 
psychiatry, University of Pennsylvania School of Medicine, Philadelphia, whose 
terms on the Council expired on June 30, 1948. 

Dr. David Levy has been appointed to serve on the research study section, 
an advisory body of the Council, and Dr. Grover F. Powers, professor of pedi- 
atrics, Yale University, New Haven, Conn., has also been appointed to the re- 
search study section, replacing Dr. Charles A. Janeway, professor of pediatrics, 
Harvard Medical School, Boston, on the latter’s resignation from the research 
study section. 

The National Advisory Mental Health Council is a body of six leading medi- 
cal or scientific authorities outstanding in the study, diagnosis or treatment of 
psychiatric disorders which advises, consults with and makes recommendations to 
the Surgeon General on matters relating to the activities of the Public Health 
Service in the field of mental health. The other members of the Council are: Dr. 
Karl M. Bowman, professor of psychiatry, University of California Medical School, 
San Francisco; Dr. Alan Gregg, director, the medical sciences, the Rockefeller 
Foundation, New York; Dr. William C. Menninger, medical director, the Men- 
ninger Clinic, Topeka, Kan., and Dr. John Romano, professor of psychiatry, 
University of Rochester School of Medicine, Rochester, N. Y. 


MEDICAL JOURNALS NEEDED ABROAD 
Requests from libraries, medical societies and individual physicians in various 
devastated countries are being received almost daily. If physicians have extra 
copies of medical journals or copies for which they have no further use, it will 
be greatly appreciated if they will send them to the headquarters of the As- 
sociation for distribution abroad. 


CHILD GUIDANCE CLINIC IN THE ORANGES AND MAPLEWOOD, N. J. 

A child guidance clinic under community sponsorship is to be established 
this fall in the Oranges and Maplewood in New Jersey. It will supplement the 
work of the Essex County Child Guidance Clinic, whose distinguished director 
was the late Dr. James S. Plant. The new clinic will emphasize treatment and will 
include on its staff a child psychiatrist, a clinical psychologist and psychiatric 
social workers. The clinic will be conducted in close cooperation with the public 
schools and the social agencies of the community; and an educational and pre- 


ventive program through conferences and lectures to parents and teachers is also 
included in its plans. 
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Funds sufficient to insure employment of able and experienced professional 
leadership for the clinic have been made possible through joint action of the 
municipal governments of East Orange, Orange, West Orange, South Orange 
and Maplewood and by subscription of funds from a private endowment fund 
for child welfare. Events which led up to the founding of this clinic were popu- 
larly described in an article in the Saturday Evening Post (Aug. 7, 1948), en- 
titled “The Case that Rocked New Jersey.” The clinic is independently incor- 
porated and will be administered by an autonomous board. 

As this item goes to press, neither the psychiatrist nor clinical psychologist 
has been appointed. Further information concerning the clinic can be obtained 
from the coordinating and planning agency in the community which has spon- 
sored the clinic, the Social Welfare Council of the Oranges and Maplewood, 439 
Main Street, Orange, N. J. 


OPENING IN CHILD PSYCHIATRY WITH SOCIAL WELFARE COUNCIL OF THE 
ORANGES AND MAPLEWOOD, ORANGE, N. J. 

A position in child psychiatry is offered with the Social Welfare Council of 
the Oranges and Maplewood, Orange, N. J., the psychiatrist to serve also as 
medical director of the new Child Guidance Clinic of the Council, to be estab- 
lished this fall. A clinical psychologist and two psychiatric social workers are 
also to be appointed to the clinic staff. 

Communications may be addressed to Mr. Paul G. Cressey, director, 439 
Main Street, Orange, N. J. 


RESIDENCY TRAINING PROGRAM IN NEUROPSYCHIATRY, 
VETERANS ADMINISTRATION 

A limited number of openings are available at this time for appointment to 
the residency training program in neuropsychiatry of the Veterans Administra- 
tion Department of Medicine and Surgery. This program is under the jurisdiction 
of the deans of the Boston medical schools (Harvard, Tufts and Boston Univer- 
sity). Training in this program, which may be from one to three years, is given 
at the following institutions: 


Cushing Veterans Administration Hospital............................... Framingham, Mass. 
Bedford Veterans Administration Hospital................. ecnbavevavaumiamodeaee Bedford, Mass. 
The Mental Hygiene Clinic of the Boston 

Regional Office, Veterans Administration..... Boston 
West Roxbury Veterans Administration Hospital................ West Roxbury, Mass. 
White River Junction Veterans 

Administration Hospital....................2..................-.....--. White River Junction, Vt. 


Emphasis in the entire program is on psychiatry, with dynamic orientation, 
and includes closed ward, open ward and outpatient psychiatry, child psychiatry 
and neurology. 

For information, write to the Chief Neuropsychiatrist, Veterans Administra- 
tion Branch Office No. 1, 55 Tremont Street, Boston 8. 


RESIDENCY PROGRAM IN NEUROLOGY, VETERANS ADMINISTRATION HOSPITAL 

It is desired to announce that a residency program in neurology has been 
established at the Veterans Administration Hospital, New York. This has been ap- 
proved by the American Board of Psychiatry and Neurology for a period of 
three years. Appointments are made for one to three years, beginning January 
and July. 

Application forms may be obtained by writing to Earl Gluckman, M.D., 
Liaison Officer, Deans Committee, Veterans Administration Hospital, 130 West 
Kingsbridge Road, New York 63. 
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RESIDENCIES IN PSYCHIATRY, VETERANS ADMINISTRATION 

Residencies in psychiatry are now available at the Veterans Administfation 
Hospital, Gulfport, Miss. Training will be given at the hospital and in New 
Orleans under the supervision of Tulane University and Louisiana State Uni- 
versity Schools of Medicine. The program, approved by the American Medical 
Association and the American Board of Psychiatry and Neurology, will include 
didactic and clinical instruction in all phases of psychiatry and basic neurology, 
with experience in the technics of treating neuropsychiatric adults and children. 
Applications should be addressed to Dr. H. W. Kostmayer, chairman of the 
Combined Deans’ Committee, Tulane University of Louisiana School of Medi- 
cine, New Orleans. 


SOUTHERN SOCIETY OF ELECTROENCEPHALOGRAPHY 

The Southern Society of Electroencephalography was organized by the execu- 
tive council of that society in Atlantic City, N. J., June 11, 1948. The first gen- 
eral meeting will be held at the time and place of the next meeting of the 
Southern Psychiatric Association. All persons in the southern area interested in 
becoming members of this organization are requested to communicate with the 
acting secretary-treasurer of the society, Dr. Samuel C. Little, 2111 Highland 
Avenue, Birmingham 5, Ala. 


RESIGNATION OF DR. NATHAN BLACKMAN AS CHIEF PSYCHIATRIST, 
MENTAL HYGIENE CLINIC 
Dr. Nathan Blackman has announced his resignation as chief psychiatrist, 
Mental Hygiene Clinic, Veterans Administration Facility, St. Louis. In associa- 
tion with Dr. Louis L. Tureen, he will open a neuropsychiatric clinic at 440 
North ‘Taylor Avenue, St. Louis. 


Correction 


An abstract of a paper by Dr. James G. Golseth and Dr. James A. Fizzell, 
entitled “Electromyographic Studies on Cats After Section and Suture of the 
Sciatic Nerve,” which was read before the Chicago Neurological Society, was 
inadvertently appended to the end of the report of the Oct. 25, 1946 meeting of 
the Philadelphia Neurological Society in the March 1948 issue of the ArcHIVEs. 
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Obituaries 


CHARLES A. ELSBERG, M.D. 
1871-1948 


Charles Albert Elsberg was born in New York city on Aug. 24, 1871, 
the son of Albert and Rebecca Elsberg. He had three brothers and a 
sister. He was graduated from the College of the City of New York in 
1890, the college which so signally honored him in 1935 with the Town- 
send Harris Medal, and again in 1947 with an honorary degree. In 1893 
he was graduated from Columbia University College of Physicians and 
Surgeons, winning the Harsen Clinical Medal. 

His professional life lends itself to a natural division into three periods. 
The first, from 1893 to 1909, may be termed “early Mount Sinai days.” 
During this time he served his internship at the Mount Sinai Hospital, 
went abroad to study under von Mikulicz, on his return became assistant 


pathologist, then served his apprenticeship in surgery in the outpatient 


department and his early days on the general surgical service as adjunct 
surgeon. Toward the close of this period his interest in neurologic surgery 
was becoming manifest. 


The second period covers the years from 1909 to 1929. It begins with 
the founding of the Neurological Institute and ends with his separation 
from the Mount Sinai Hospital. It could well be termed the years of 
dual interest. It was during this period that he was made associate sur- 
geon (1911) and attending surgeon (1914) at Mount Sinai Hospital, 
while serving as attending surgeon to the Neurological Institute. While it 
marks the complete transition from general to neurologic surgery, it is 
also the time when he was at his best as a skilful general surgeon. During 
the period from 1924 through 1928 he was vice president of the New 
York Academy of Medicine. 

The third period, from 1929 to 1937, the closing years of his pro- 
fessional activity, belongs to the Neurological Institute and the College 
of Physicians and Surgeons. It was in 1929 that the new Neurological 
Institute opened its doors and closer physical relationship was established 
with the medical school. He took an active part in planning the new 
building, especially the operating facilities. He often climbed in the un- 
finished structure to watch its progress. 


The publications of Dr. Elsberg are made up of four books and five 
bound volumes of reprints. A glance at some of the titles in their chrono- 
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logic sequence will show into what period they fall. The first paper, con- 
cerned with the serum diagnosis of typhoid, was written while he was 
assistant pathologist at Mount Sinai Hospital. The date places it within 
a year of Widal’s publications on that subject. 


An early paper (1901), which dealt with the pathology, diagnosis 
and treatment of subphrenic abscess, was an important contribution at 
that time. He published several papers on perforations in typhoid. In 
1909 he described an ingenious cannula for artery to vein transfusion as 
it was done in those days. His interest in thoracic physiology led to the 
development of a machine for intratrachal anesthesia. 


His early experimental work dealt with thoracic physiology, the heal- 
ing of heart wounds, the influence of posture on pneumothorax and in- 
tratracheal anesthesia. Later his investigations dealt with nerve regenera- 
tion and convulsions. Still later, the physiology of smell and vision en- 
gaged his attention. 


The earliest publication on a neurosurgical subject was in 1904, a 
report of 2 cases of tumor of the cerebellopontile angle. There was then 
a lapse of five years before the next neurosurgical paper appeared. 

In the second period the writings were almost exclusively on neuro- 
surgical topics. As early as 1911 there was a report on 43 cases of lami- 
nectomy. It was during this period that the books “Diagnosis and Treat- 
ment of Surgical Diseases of the Spinal Cord and Its Membranes” (1916) 
and “Tumors of the Spinal Cord” (1925) were published. The other 
publications were in large part devoted to various aspects of lesions of 
the spinal cord, with some well chosen contributions to the surgery of 
cerebral tumors, such as acute tumors of the brain, and the relation of 
papilledema to these tumors. 

Among the papers published during the early part of the third period 
were those on meningioma of the mesial part of the sphenoid ridge, tech- 
nical aspects of operations for medulloblastomas and parasagittal men- 
ingiomas and the blood supply of gliomas. Later in the period, the greater 
part of his time and most of his writings were concerned with the basic 
investigations of the senses of smell and vision and with practical applica- 
tions of these studies. He was not too busy to devote time to the Bulletin 
of the Neurological Institute, serving as its editor for several years. In 
addition, he carried on his teaching as professor of neurologic surgery at 
the College of Physicians and Surgeons. 

In 1937 he retired from active hospital service and was made director 
emeritus at the Neurological Institute. The following year he served as 
president of the American Neurological Association and delivered the 
Charles K. Mills Lecture before that society. In 1941 he brought up to 
date his experiences in spinal cord surgery, in a book entitled “Surgical 
Diseases of the Spinal Cord.” In 1944, under the title “The Story of a 
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Hospital,” he related the history of the Neurological Institute of New 
York, in the organization and development of which he had played such 
an important part. 


To have been an active general surgeon and then an equally busy 
neurologic surgeon, to have served in two hospitals as head of surgical 
services, to have engaged in teaching and research, to have published 
some one hundred and fifty medical articles and four books reveals one 
characteristic of Dr. Elsberg, his industry. It was practically a daily habit 
of his to leave his office in the very late afternoon with his brief case 
filled with unfinished work—work to be completed in part before re- 
tiring, in part before breakfast, after an early rising. 


An accomplishment of his not so well known was his ability with pen 
and pencil. He could illustrate an operative procedure or could, and did, 
correct illustrations made for him by artists. 


Of him it may truly be said that he had but two real interests, his 
work and his family. His loyalty to these two was almost fierce in its 
intensity. Had it been necessary to make a choice between them, his 
family would always have been first. 


Outside his family, Dr. Elsberg had few intimates. While he was easy 
to approach, it was on a plane removed from the personal. He was at all 
times a gentleman—‘‘a gentleman of the old school.” He had consider- 
able charm, and more than a touch of naivete. 


His ability to think clearly, logically and intensely helped him in the 
solution of many medical problems. This ability, coupled with his atten- 
tion to detail, made him the acknowledged leader in, and the outstand- 
ing contributor to, the development of spinal cord surgery. 


In 1937 Dr. Elsberg married Jane Stewart. This gave him during his 
sunset years a beautiful companionship, which meant all the more to 


him because it came late in his life. Soon after marriage they moved to 
Stamford, Conn., where he began to lessen his activities. Nevertheless, it 
was during this time that the history of the Neurological Institute was 
published. He enjoyed his country life and the peace it brought; unfortu- 
nately, it was not to continue long enough. 


In his last, long-drawn-out, illness, which ran the gamut from dis- 
comfort to severe pain, he never lost his fortitude. As a physician, he 
viewed himself objectively and drew on a reserve of strength and courage 
beyond belief. He died March 18, 1948. 
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Abstracts from Current Literature 


Physiology and Biochemistry 


or WaTER IN oF PoLiomye itis. R. R. Scospey, Arch. Pediat. 
63:567 (Nov.) 1946. 


Scobey noted that the potential hydrocyanic acid content of plants that people 
commonly consume was increased during droughts when poliomyelitis is prevalent 
and that this poison is capable of producing symptoms and pathologic lesions such 
as those observed in this disease. While water is not technically classed as a food, it 
is an essential article of diet, which also contains a relatively high percentage of 
hydrocyanic acid under the same conditions. Rain water, which may be considered 
a pure water, soon becomes surface water, which quickly passes into the ground. 
The soil contains a high concentration of vegetable matter rich in cyanophore 
glucosides, which may be hydrolyzed in the soil to produce hydrocyanic acid or 
salts. A heavy rainfall during a long-continued dry spell may actually carry vege- 
table matter made more potent by drought to the ground water and to wells, 
springs and larger bodies of water, there to be concentrated by natural evaporation. 
Organic matter growing in and on the banks of rivers and their tributaries also 
increases that which was received from the soil, near and far, through the ground 
water. Garbage may increase the organic content in some of the streams of the 
country. Fish and other forms of animal life probably furnish enzymes to hydro- 
lyze the hydrocyanic-acid-producing glucosides. The spread of poliomyelitis ap- 
pears to follow water ways in many instances. It is suggested that the spring and 
fall overturns in bodies of water throughout the country would account, in part, 
for the appearance of poliomyelities in the spring, before vegetables and fruits have 
ripened adequately for human consumption, and the high incidence of the disease 
in the fall, when most of the harvest has been completed. It would also explain 
the sudden termination of epidemics of poliomyelitis with cold weather. 


J. A. M.A. 


CENTRIFUGAL DETERIORATION OF ASPHYXIATED PERIPHERAL NERVES. RICHARD A. 
Groat and Harotp Koenic, J. Neurophysiol. 9:275 (July) 1946. 


Groat and Koenig studied the response of exposed nerves to electrical stimuli, 
noting muscular contraction or nerve action potentials. After control observations 
anoxia was induced by clamping the trachea. Thresholds were determined at 
various points along the nerve. After the induction of anoxia the most proximal 
point was always the first to show an increased threshold, and with the passage 
of time successively more distal points underwent a similar change. The nerve 
roots became inexcitable before the elevation of threshold at the midpoint of the 
nerve. In a partly deteriorated nerve, deterioration was more advanced in the cen- 
tral than in the peripheral half of a segment, and some fibers were blocked only 
in the peripheral half. 

Groat and Koenig suggest that a given block along a given fiber involved 
but a short segment of the fiber, and blocking along’a greater length resulted from 
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fusion of the short blocked segments. This proximodistal gradient of deterioration 
must be a manifestation of a gradient along the intact nerve. 
Forster, Philadelphia. 


Tue HypoTHALAMIC REGULATION OF SLEEP IN Rats. W. J. H. Nauta, J. Neuro- 
physiol. 9:285 (July) 1946. 


Nauta found that in the rat complete bilateral transection of the hypothala- 
mus, regardless of the location of the section, interferes with the normal regulation 
of sleep. The location of lesions which produced disturbances of waking indicated 
the existence of a structure in the caudal portion of the hypothalamus and in the 
adjacent tegmentum of the midbrain which was of specific importance for the 
maintenance of the waking state in the absence of external stimuli. There was 
also an indication that a structure in the preoptic region was essential for the 
capacity of sleeping. Sleep is produced by the inhibitory action of the sleep center 
on the waking center. The lateral hypothalamic area seems more important for 
sleep and waking than the medial area, and since the medial bundle of the fore- 
brain occupies this area, this structure may transmit impulses determining the sleep- 
waking rhythm. The hypothalamic centers involved in the regulation of sleep are 
topographically identical with those determining autonomic balance. 

Forster, Philadelphia. 


MECHANISM OF PUPILLARY DILATATION By CORTICAL STIMULATION. ARTHUR A. 
Warp Jr. and H. Lester Reep, J. Neurophysiol. 9:329 (July) 1946. 


Ward and Reed studied the pupillary dilatation produced in monkeys by 
electrical stimulation of area 8 of the cerebral cortex. They found the pupillary 
change to be a localized sympathetic response having all the properties of recipro- 
cal innervation. Section of the cervical portion of the sympathetic chain abolished 
the change. The active dilator component travels over pathways involving the 
hypothalamus, and this corticohypothalamic pathway is not a direct one. The 
reciprocal inhibitory pathway from area 8 to the oculomotor nucleus is a direct 
projection. 


ForsTEr, Philadelphia. 


PRESENCE AND ACTION OF ACETYLCHOLINE IN EXPERIMENTAL BRAIN TRAUMA. 
Murray B. Bornstein, J. Neurophysiol. 9:349 (Sept.) 1946. 


Bornstein showed that as a result of experimental trauma acetylcholine is 
consistently presented in the spinal fluid in estimable quantities. This increase 
occurs within a few hours and persists up to forty-eight hours. This abnormal 
presence of acetylcholine is thought to be due to an excess production or release 
of the substance, insufficient destruction and consequent persistence within the 
intercellular spaces. Concussion produced changes in the behavior and in the 
electroencephalograms of the animals. Administration of atropine sulfate abolished 
the electroencephalographic changes and the stuporous condition. Perfusion of 
acetylcholine in physiologic concentrations produced high amplitude waves in the 
electroencephalogram, whereas perfusion in high concentrations produced flatten- 
ing. Intracisternal injection of acetylcholine with physiologic or higher concentra- 
tions produced alterations similar to those produced by perfusion. Atropinization 
of the animals also prevented the changes produced by intracisternal injection 
of acetylcholine. Bornstein concludes that the free acetylcholine may be one of 
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the physiologic factors underlying the acute paralytic and excitatory phenomena 
of cerebral concussion. 


ForsTEr, Philadelphia. 


RESPONSES OF SINGLE HuMAN Motor UNitTs To ELECTRICAL STIMULATION. E. 
and C. R. Skociunp, J. Neurophysiol. 9:391 (Sept.) 1946. 


Kugelberg and Skoglund studied the responses to electrical stimulation of 
single motor units in the human subject. Specially devised stimulators were em- 
ployed, and the cathode was placed over a peripheral nerve. Exponential or linear 
rising currents were employed. Study of the accommodation curves reveals that 
the single muscle twitch is accompanied with discharges from several motor units. 
The technic also permits study of the frequency and duration of single unit dis- 
charges to continuous stimuli. The adaptation time—the length of time until the 
motor unit ceases to discharge—is similar in animals and man and is related to the 
accommodation. There are significant differences in excitability between the 
proximal and the distal portion of a peripheral nerve, and these differences may 
be due to the diminution in diameter of a fiber after branching. 


Forster, Philadelphia. 


PAIN ON STIMULATING THE DISTAL SEGMENTS OF DIVIDED PERIPHERAL NERVES. 
J. LAwrENCE Poot and Joun A. Brasson, J. Neurosurg. 3:468 (Nov.) 1946. 


Pool and Brabson report 4 cases of severance of peripheral nerves in which 
stimulation of the distal segment produced pain felt in regions supplied by intact 
adjacent nerves. 


Two cases of median nerve injury are reported: In one the injury was in the 
lower third of the arm, and in the other, in the lower third of the forearm. Both 
motor and sensory functions supplied by the median nerve were destroyed distal 
to the injury. On stimulation of the distal segments, pain was felt in an area 
supplied by either the ulnar or the radial nerve. Blocking of one of these nerves 
by local infiltration with procaine hydrochloride abolished the pain or referred it 
to an adjacent normally functioning unblocked nerve. 


Two injuries of the ulnar nerve with severance of the nerve in the middle 
and distal thirds of the forearm are described. In these instances, stimulation of 
the distal segments gave rise to pain in an area supplied by the median nerve. 
Local block of the median nerve with stimulation of the distal ulnar segment now 
elicited pain from an area supplied by the radial nerve. 


In all cases, care was taken that (1) no spread of electrical current occurred, 
(2) there was no motor response after stimulation and (3) the area supplied by 
the severed nerve was completely insensitive to cutaneous stimulation. 


The authors conclude that the sensory response from stimulation of an iso- 
lated nerve segment reached an intact nerve by (1) passing over direct anastomos- 
ing branches, (2) inducing changes in the chemical mediator of sensory units at 
the zone of overlap of adjacent nerves or (3) evoking a local sympathetic reflex 
relayed centrally by an intact nerve. 


The study is of practical significance in that pain on stimulation of peripheral 


nerves, distal to a neuroma, is not an absolute index of functional continuity of 
the nerve. 


Tozer, Philadelphia. 
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Tue EFFECTS OF SUBARACHNOID INSTALLATIONS OF THERAPEUTIC CONCENTRA- 
TIONS OF PENICILLIN SOLUTION ON THE CENTRAL NERVOUS SySTEM. ALEX 
GERBER, Epwin Botprey, H. J. McCorxie and HELEN Warmer, J. Neuro- 
surg. 3:533 (Nov.) 1946. 


Penicillin was injected into the cisterna magna and ventricles of dogs in a 
series of experiments by Gerber and associates. The solution used was 1,000 units 
per cubic centimeter, and 1 to 2 cc. was injected. There resulted temporary pleo- 
cytosis and increase in cerebrospinal fluid protein, but no abnormal neurologic 
signs appeared. Autopsy revealed no significant pathologic changes. 


Penicillin injected into the lumbar region caused a notable increase in vis- 
cosity of the spinal fluid. The authors conclude that this change was due to the 
increase in protein and the slow diffusion of penicillin and spinal fluid from the 
lower lumbar region to the higher cisternal region. 


Tozer, Philadelphia. 


EFFECT OF CEREBRO-SPINAL FLUID ON INTERACTION BETWEEN RH AGGLUTININS 
AND AGGLUTINOGENS. RACHEL JAcoBowicz and Lucy M. Bryce, M. J. 
Australia 2:740 (Nov. 23) 1946. 


Jakobowicz and Bryce point out that specimens of human serum containing 
strong anti-Rh agglutinins did not agglutinate group O Rh; cells when chemically 
normal cerebrospinal fluid was used (instead of saline solution) as the diluent 
for the serum dilutions and the red cell suspensions. The inhibition occurred irre- 
spective of whether the cerebrospinal fluid was obtained from Rh-positive or Rh- 
negative persons. The inhibition of Rh agglutination by cerebrospinal fluid can be 
overcome by the addition of human serum or human albumin. Artifically prepared 
fluids containing the main known chemical components of cerebrospinal fluid do 
not mask Rh agglutination, nor does the chemically similar allantoic fluid of the 
chick embryo; but cerebrospinal fluid from 1 rhesus monkey and 1 rabbit had a 
similar effect on human Rh agglutination as did 15 samples of human cerebro- 
spinal fluid. The inhibiting effect of the cerebrospinal fluid may be related to the 
blocking phenomenon. 


J. A. M.A. 


Neuropathology 


EtioLocic Factors IN THROMBOENDARTERITIS OBLITECANS, VON WINIWARTER- 
BUERGER TYPE, IN GRANULAR ATROPHY OF THE CoRTEX. FERDINAND MOREL, 
Schweiz. Arch. f. Neurol. u. Psychiat. 57:350, 1946. 


Morel expresses the view that the term granular atrophy of the cerebral 
cortex should be restricted to the symmetric, or systematized, type of this condi- 
tion, in which a band of atrophy of uniform width is distributed in each hemi- 
sphere along a line corresponding to the boundaries of the three great vascular 
territories. Zones of granular atrophy in cases of the nonsystematized type generally 
surround foci of gross softening. When the second variety of granular atrophy is 
due to thromboendarteritis obliterans, clinical evidence of the underlying vascular 
disease may be observed in the retina, as well as in the extremities, and signs of 
focal cerebral involvement are common. The author’s experience would indicate 
that clinical evidence of this sort is generally lacking in cases of the systematized 
type of granular atrophy. 
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The author reports the results of clinical and postmortem study in 7 cases 
of the symmetric type of granular atrophy of the cerebral cortex. Although in the 
area of granular atrophy the cortical arteries were frequently devoid of blood and 
hyalinization of the arterial walls was common, in no case were intimal changes 
characteristic of thromboendarteritis obliterans encountered. Except for 1 patient, 
a man aged 54 with aortic insufficiency, all patients were of advanced age; yet 
a notable degree of arteriosclerotic change was often lacking. 


In conclusion, the author expresses the belief that the systematized type of 
granular atrophy of the cerebral cortex is due to a combination of local and general 
factors. Changes in the terminal branches of the cerebral arteries which develop 
with advancing age, would, according to his point of view, render the correspond- 
ing portions of the cortex peculiarly vulnerable to transient circulatory disturbances 
of a general character. 


DANIELS, Denver. 


LESIONS OF CENTRAL NERVOUS SYSTEM PRODUCED By CARBON MONOXIDE 
Porsoninc. J. LHERMiITTE and De AJuRIAGUERRA, Semaine d. hop. de Paris 
22:1945 (Nov. 14) 1946. 


According to Lhermitte and Ajuriaguerra, the changes in the brain in carbon 
monoxide poisoning differ widely, depending on the time elapsed between the 
exposure and necropsy. Hemorrhages, necrobiosis, necrosis and edema characterize 
the anatomic picture in cases in which death occurred rapidly. The changes may 
involve primarily the lenticular nuclei but affect also the subcortical white matter, 
the hippocampus, the substantia nigra and the cerebellum. Changes in the vascular 
network with infiltration of the walls by neutral lipids and by a peculiar substance 
containing ferric salts, calcium and lipids may be observed in cases in which the 
poisoning continues for a prolonged period or in which death is delayed. A diffuse 
demyelination of the entire white matter of the brain, similar to Schilder’s diffuse 
cerebral sclerosis, may be observed in cases in which death occurs after a long 
period of remission. It is suggested that in carbon monoxide poisoning a toxic 
factor in addition to the anoxic factor, affects the neuroglia and the vascular net- 
work, with specific involvement of the basilar region and the white fibers of the 
centrum ovale. 

J. A. M. A. 


Psychiatry and Psychopathology 


RELATION OF PERSONALITY DISTURBANCES TO DURATION OF CONVALESCENCE 
FROM ACUTE RESPIRATORY INFECTIONS. K. BRopMAN, B. MITTELMANN, D. 
Wecus.Ler, A. Weimer and H. G. Wotrr, Psychosom. Med. 9:37, 1947. 


The authors undertook to ascertain the relation of personality disturbances 
and the duration of convalescence from acute infections of the respiratory tract. 
The Cornell Service Index was used as a measure of personality disturbance, and 
the duration of military hospitalization, as the measure of convalescence. The 
statistical studies were carried out on patients with nasopharyngitis, tonsillitis, 
bronchitis and pneumonia in three military hospitals. 

In one hospital, 787 white patients with minor acute infections of the re- 
spiratory tract were studied. The average duration of hospitalization for 546. pa- 
tients without significant personality disturbances was 4.8 days. For the 241 patients 
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with personality disturbances the average duration of hospitalization was 5.5 days, 
convalescence being prolonged by as much as 80 per cent, with an average of 
15 per cent. 

The average duration of convalescence was related to the attitude of the 
ward officer. One ward officer kept his white patients hospitalized 90 per cent 
longer than did any other ward officer in the hospital. Ward officers who were 
attentive to the complaints of patients kept patients with personality disturbances 
proportionately longer than patients without personality disturbances. 

The authors also studied 292 Negro patients treated by the same ward 
officers in the same wards. Five of seven ward officers kept their Negro patients 
with personality disturbances for shorter periods than they did those without 
personality disturbances. 

In the second hospital, 135 patients were examined. Convalescence was pro- 
longed up to 109 per cent, with an average of 22 per cent for patients with per- 
sonality disturbances. In the third hospital group, of 163 patients, convalescence 
was prolonged up to 48 per cent, with an average of 40 per cent for patients with 
personality disturbances. 

The authors also infer that the portion of the population hospitalized for 
acute infections of the respiratory tract has a higher incidence of personality dis- 
turbances than the portion not so hospitalized. 

FRANKEL, Philadelphia. 


[THE INCIDENCE OF PERSONALITY DISTURBANCES AND THEIR RELATION TO AGE, 
RANK, AND DuRATION OF HOSPITALIZATION IN PATIENTS WITH MEDICAL 
AND SURGICAL DiIsorRDERS IN A MILITARY HosPITAL. K. BRODMAN, B. MITTEL- 
MANN, D. WECHSLER, A. WEIDER and H. G. WotrFr, Psychosom. Med. 9:45, 
1947. 


The Cornell Service Index was used to investigate the number of symptoms to 
which patients in medical and surgical wards admit. The study is based on the 
data for 611 white and Negro enlisted men hospitalized for a wide variety of con- 
ditions. A score of 23 or more on the Cornell Service Index was taken as evidence 
of a high neurotic potential. 

The study reveals that 29 per cent of white patients had high neurotic po- 
tentials, as compared with 22 per cent of troops on duty. For Negro troops the 
figures were 50 and 36 per cent, respectively. Of the hospital patients, the range 
was from 15 per cent for patients hospitalized for infections of the eye, ear, nose 
and throat, to 49 per cent, for those hospitalized for hemorrhoids. 

Noncommissioned officer patients, both Negro and white, were less frequently 
neurotic than privates and privates first class. Of white privates and privates first 
class, 33 per cent had scores over 23; and of the noncommissioned officers, 17 
per cent had such scores. For Negro patients, these scores were 50 and 24 per 
cent, respectively. 

White patients with significant neurotic scorés were on the average of three 
years younger than those with scores less than 23. Of Negro patients, those with 
neuroses were, on the average, two years older. 

In groups of patients hospitalized because of hemorrhoids, hernias, acute 
appendicitis and primary atypical pneumonia, it was found that the duration of 
hospitalization was 12 per cent longer for patients with personality disturbances. 
In the group with hemorrhoids, there was a larger number of personality dis- 
turbances than in the other groups. 


FRANKEL, Philadelphia. 
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Bopity Reactions Durinc ABREACTION. RosBert L. Moopy, Lancet 2:934 (Dec. 
28) 1946. 


Moody gives a brief explanation of the therapy of abreaction under narcosis, 
stating that it not only is a factual recall of the traumatic incident but is also ac- 
companied with full expression of the emotions and at least partial repetition of 
the bodily movements associated with the original incident. He then gives a de- 
tailed report of a case in which a localized specific somatic reaction was shown 
during abreaction. 

A man aged 35 was admitted to the hospital because of attacks of somnam- 
bulism accgmpanied with aggressive behavior. He had been hospitalized for this 
condition in 1935, and physical methods had been used to restrain him, his hands 
being tied behind his back during sleep on one occasion. This incident was 
abreacted under narcosis, and wheals appeared on both forearms; gradually these 
became indented and finally fresh petechial hemorrhages appeared along their 
course. Three other cases are cited briefly. In 1 there was recurrence of swelling 
of an ankle which had been injured in the original incident; in another, localized 
ischemia of the extremities in an abreaction of a prolonged immersion in cold 
water, and in a third petechial hemorrhages developed and bruising along the 
tenth rib, which had been fractured in the original incident. 

Mapow, Philadelphia. 


Meninges and Blood Vessels 


MENINGOCOCCEMIA: A DESCRIPTION OF THE CLINICAL PICTURE AND A COMPARI- 
SON OF THE EFFICACY OF SULFADIAZINE AND PENICILLIN IN THE TREAT- 
MENT OF THIRTY CASEs. J. Murray KINSMAN and C. ANTHONY D’ALONzo, 
Ann. Int. Med. 24:606 (April) 1946. 


During a period of thirty-one months in an Army camp, 33 proved cases of 
meningococcemia were observed and at least 29 cases in which the diagnosis was 
not confirmed bacteriologically but in which the clinical picture was so character- 
istic that they could be considered cases of meningococcemia. During the same 
period 111 cases of meningococcic meningitis were seen. In this series, for every 2 
cases of meningitis there was approximately 1 case of meningococcemia without 
meningitis. 

For the purpose of this study, the clinical material was confined to patients 
seen between February 1944 and June 1945. During this time 61 patients were 
admitted to this hospital with meningococcic infection, of whom 31 had meningitis, 
15 had proved meningococcemia and 15 had unconfirmed meningococcemia. The 
latter group, of 30 cases of meningococcemia, confirmed and unconfirmed, con- 
stitutes the basis for this report. The range of ages was from 18 to 38 years, the 
average being 24. One patient was a Negro, the others were white persons. The 
average duration of military service was three months. Nine of the cases occurred 
in January, 4 in February, 3 in March, 3 in April, 2 in May, 4 in June, 3 in July, 
1 in September and 1 in October. 

It seems important to quote directly from this paper the authors’ description 
of patients who had proved meningococcemia. 

“There were prodromal symptoms in each instance: 11 patients had acute 
upper respiratory infections averaging one day in duration, and every patient 
had some fever, averaging one day in duration. In nearly every case, the acute 
illness was ushered in by chills, increase in fever, and headache. A rash developed 
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in every patient but one. Two-thirds of the patients had nausea and vomiting, 
and three-quarters of them had joint pains. The admission temperature ranged 
from 99 to 104° and the highest temperature from 102 to 105°. The headache 
was conspicuously different from the generalized “splitting” or “bursting” type so 
characteristic of meningitis: it was throbbing in nature and usually frontal in 
distribution. 


“Although the characteristic eruption in meningococcic infections has gen- 
erally been considered to be one of a hemorrhagic nature, yet in the cases of 
meningococcemia here reported, the typical lesion was a maculopapular one. Many 
of the macules took the form of pink plaques similar to the ‘rose spots’ of typhoid 
fever. These varied in size from 2 to 3 millimeters in diameter to areas of 10 to 
12 square centimeters. “In approximately half of the patients, hemorrhagic lesions 
were also present in the form of petechiae or purpuric spots; frequently these 
petechiae appeared in the center of the macules. Several patients exhibited all 
varieties of the rash concomitantly. Many of the lesions were tender to pressure, 
especially the hemorrhagic forms. In some cases only a few indistinct and isolated 
spots were present, whereas in others the rash was widespread and coalescent. The 
most common locations were the shoulders, axillae, arms, chest, legs, abdomen and 
back, in the order named; the face was not involved in any of the patients. Buccal 
mucous membrane and conjunctival petechiae were seen in several instances. 


“The leukocyte count varied from 10,000 to 25,000, averaging 14,000, and 
the percentage of neutrophiles from 80 per cent to 96 per cent. 


“The meningococcus which was recovered from the blood was of Group 1 in 
14 cases and of Group 2A in one. 


“The spinal fluid was examined in 10 patients, on six of whom three punc- 
tures were done for the purpose of assaying the fluid for penicillin. In every in- 
stance the cell count, smear and culture were normal or negative.” 


Kinsman, D’Alonzo and associates compared the clinical results in the 15 
proved and the 15 unconfirmed cases. They showed that, except for the blood 
culture, the clinical pictures in the two groups were essentially identical. The 
average duration of symptoms prior to diagnosis was less than four days; every 
patient had fever and a rash with 1 exception; most of them had an infection of 
the upper respiratory tract, chills, headache and nausea; half of them had pains 
in the joints. The typical rash was maculopapular rather than hemorrhagic, as 
is generally described. 

This series of 15 proved and 15 unconfirmed cases is compared with a series 
of 18 proved and 14 unconfirmed cases seen at the same hospital in a four month 
period in 1943, and reported by other authors. There were no essential differences 
between the proved cases or between the unconfirmed cases in the two series. 
Moreover, in both series no appreciable differences could be discovered between 
the proved and the unconfirmed cases. This lends further support to the con- 
clusion that meningococcemia can, and should, be diagnosed clinically. 


Spinal punctures were performed on 19 patients. In none did meningitis 
develop. The fact that treatment was already under way, or was instituted quickly 
could have prevented infection of the meninges. The authors conclude that 
spinal puncture in meningococcemia is a safe procedure. 


Twelve of the patients were treated with sulfadiazine and 18 with penicillin. 
he therapeutic results were identical except that the temperature rached normal 
twelve hours earlier in the penicillin-treated than in the sulfadiazine-treated group. 


GuTTMAN, Philadelphia. 
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Diseases of the Brain 


Cystic CEREBELLAR ARACHNoIDITIS. RayMoND K. THompson, J. Neurosurg. 


3:461 (Nov.) 1946. 


Thompson states that cystic cerebellar arachnoiditis is an inflammatory re- 
action of the leptomeninges in the region of the cisterna magna. Scarring and 
thickening of the meninges results in partial obstruction of spinal fluid flow, and 
the cisterna magna becomes dilated, producing an arachnoid cyst. 

The clinical picture is one of both internal hydrocephalus and local cere- 
bellar pressure due to an expanding lesion, following craniocerebral trauma, in 
the posterior fossa. Herniation of this mass through the foramen magnum may 
give rise to symptoms of suboccipital neuralgia. Thompson reports a case in which 
the neuralgia was an important symptom, the pain being relieved by flexion of 
the head. It was surmised that flexing the head pulled the cyst and cerebellar ton- 
sils from the foramen with abrupt subsidence of symptoms. A cerebellar cyst was 
observed at operation and was removed. The patient was asymptomatic in two 
weeks and was normal on follow-up examination after six months. 

The case is of interest in that patients with suboccipital neuralgia following 
cranial trauma are not rare and are at times relieved by lumbar puncture. The 
cystic membrane is undoubtedly ruptured during withdrawal of fluid, with re- 
sumption of normal circulation. 

Tozer, Philadelphia. 


CEREBRAL GRANULOMA DUE TO SCHISTOSOMIASIS JAPONICA. HOMER S. SWANSON, 
J. Neurosurg. 3:538 (Nov.) 1946. 


Swanson reports a case of intracranial granuloma in a patient aged 33, who 
had been discharged from the Army after serving in the South Pacific. Six weeks 
previous to admission to the hospital he had had a severe frontal headache, fol- 
lowed in two hours by blurred vision and a generalized convulsion. The headaches 
persisted, and five weeks later nausea and vomiting developed and he had one 
focal sensory seizure, limited to the left arm. He was slightly incoordinated, and his 
left arm was weak on admission to the hospital. He had spent approximately four 
years in the South Pacific, had experienced three attacks of dengue fever during 
this time and had recovered without complications or sequelae. He also had four 
attacks of an illness characterized by abrupt onset of scrotal and penile edema, 
associated with headache, malaise and fever. Each attack lasted about five days 
and then subsided, with no after effects. The stool and blood had been examined 
several times for the presence of schistosomes. 

Examination revealed only early papilledema of the left eye and hyperreflexia 
of the left extremities, without pathologic reflexes. There was constant eosinophilia, 
but no parasites were found in either the blood or the stool. A ventriculogram 
revealed a lesion in the right occipital lobe. At operation, a tumor was located 
with difficulty, in the occipital lobe near the calcarine area. It was necessary to 
resect the occipital lobe as far forward as the posterior horn to remove all of the 
tumor. The patient responded satisfactorily, but residual left hemianopsia de- 
veloped. 

Microscopic sections showed an inflammatory process of the leptomeninges 
consisting of numerous granulomas, extending into the sulci and adjacent brain 
substance. Several large parasitic ova were seen in the granulomatous areas. No 
adult forms were seen. Occasional central necrosis with polymorphonuclear leu- 
kocytes were seen, but no areas of actual caseation were present. Numerous eosino- 
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phils and plasma cells with some lymphocytes were at the periphery of the granu- 
lomas. Perivascular infiltration of lymphocytes was present at some distance from 
the actual lesions, and the adjacent brain tissue showed edema and regeneration 
of the ganglion sells. 

Tozer, Philadelphia. 


A Case OF CEREBRAL MALARIA IN GREAT Britain. J. B. RypDer and R. T. Tow- 
son, Brit. M. J. 2:815 (Nov. 30) 1946. 


Ryder and Towson report the case of a steward aged 26 with cerebral ma- 
laria producing coma. The patient was at first treated for influenza, but when 
he suddenly became unconscious, on the fourth day of illness, he was sent to the 
hospital with a provisional diagnosis of malaria. Since he had recently returned 
from an endemic center of malignant tertian malaria, the diagnosis of cerebral 
malaria was considered and was later confirmed by laboratory studies. The pa- 
tient recovered after treatment with large doses of quinine. The case is reported 
to emphasize the importance of considering cerebral malaria as a cause of coma 
and to stress the necessity for instituting treatment early. 

Ecuots, New Orleans. 


CYSTICERCOSIS OF THE POSTERIOR FossA. GERMAN HuGo DICKMANN, Prensa 
méd,. argent. 33:1628 (Aug. 9) 1946. 


Dickmann reports 4 cases of cysticercosis of the brain, 3 with lesions in the 
basilar cisterns and 1 with the parasite within the fourth ventricle. In each case 
a diagnosis of tumor of the posterior fossa was made prior to operation. Ten cases 
with involvement of the nervous system were collected from the literature; in 1 
the lesion was in the spinal cord, and in the others the cysts were cerebral and 
meningeal in location. Cysticercosis is less frequent in Argentina than in Mexico 
and Chile. The clinical picture in all cases was that of increased intracranial pres- 
sure. In 1 of the 4 cases moria was present. In 3 cases there was bilateral papille- 
dema, and in 1 bilateral primary optic atrophy; extraordinary dilatation of the 
ventricles was found after ventriculography in the case with primary optic atrophy. 
In all 4 cases the blood showed eosinophilia (count, 3 to 6 per cent). In 1 of 2 
cases in which the spinal fluid was examined there was an increase in eosinophils; 
in | of these cases the Guillain reaction was like that described by Guillain and 
associates in cysticercosis (Compt. rend. Soc. Biol. 95:455, 1926). The patient 
with cysticercosis of the fourth ventricle showed the Bruns syndrome, with head- 
ache, dizziness and vomiting in the standing position, which disappeared when 
lying down. One of the patients died after operation; the other 3 did well. The 
cysticercus of the fourth ventricles was removed through an incision in the vermis. 
The symptoms cleared up, and the patient was well thirty months after the opera- 


tion. 


N. Savitsky, New York. 


Lert HEMIATROPHY ASSOCIATED WITH PAINFUL NopuLar Lirpomatosis. C. F. 


CARREGA CASAFFOUSTH and Dieco Brace, Prensa méd. argent. 33:1643 
(Aug. 9) 1946. 


An obese woman aged 49 gave a history of pain in the left arm and shoulder 
region twenty years previously, at which time she had intestinal amebiasis. Exam- 
ination revealed painful fat pads in various parts of the body. The pain was 
definitely worse before her menstrual periods, which had continued to be regular. 
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Neurologic examination showed no evidence of focal disease of the nervous sys- 
tem. There was weakness of the left side of the body. Examination of the spinal 
fluid showed nothing significant. A roentgenogram of the skull showed a normal 
sella turcica. The Minor test showed some diminution of sweating on the left side; 
the reactions to all the other vegetative tests were negative. Oscillometric studies 
showed slight diminution of pulsation in the middle third of the left arm and the 
lower third of the left leg. The intradermal test with histamine showed no differ- 
ence between the two sides of the body. Biopsy of the skin revealed nothing patho- 
logic; biopsy of a subcutaneous nodule showed fatty tissue with some evidence of 
inflammatory reaction (lymphocytes, plasma cells and fibroblasts). Biopsy of one 
of the muscles on the left side showed definite muscular atrophy. An electro- 
encephalographic study gave negative results, and the basal metabolic rate was 
normal. Some osteoarthritis of the lower cervical vertebrae appeared on roentgen 
examination. The specific dynamic reaction of protein was unaltered. There was 
420 mg. of fatty acid per hundred cubic centimeters of blood (upper limits of 
normal); there was some increase of creatinine and cholesterol in the blood. 
Chronaxia showed changes of the neuritic type in the muscles of the left side of 
the body. The authors believe the hemiatrophy and lipomatosis were probably 
both due to a central disturbance of the autofiomic nervous system. 

N. Savitsky, New York. 


Diseases of the Spinal Cord 


PATHOLOGIC INTERVERTEBRAL DISK AND ITS CONSEQUENCES. OLAN R. Hynp- 
MAN, Arch. Surg. 53:247 (Sept.) 1946. 


Chronic pain in the lower part of the back is commonly caused by degenera- 
tion of the intervertebral disk, a condition which leads to undue stresses and 
strains on the perispinal and lumbosacral ligaments. The clinical picture is that of 
aching in the lower part of the back, secondary muscle spasm and pain radiating 
to the hip and thigh. The last mentioned pain is referred in nature, as it can be 
abolished by paravertebral injection of procaine hydrochloride. The treatment of 
patients with simple degenerating disk consists in stabilization of the lower part 
of the back by bed rest and braces. In severe cases, relief is obtained by surgical 
measures (fusion. ) 


Herniation and rupture of the nucleus pulposus is only an advanced stage of 
the degeneration of the disk. If the degenerated and thinned annulus fibrosus 
is unable to retain the nucleus pulposus, herniation, and finally rupture, of the 
nucleus occur, even without trauma. Herniation of the disk is associated with 
signs of compression of the adjacent nerve root or roots, namely, radiating sciatic 
pain which is increased by cough and sneeze, paresthesias and loss of reflexes. 

Hyndman expresses the opinion that degeneration of the disk is probably 
developmental in origin and that the role of trauma is only accessory, a view 
which may gain considerable medicolegal significance. He does not believe that 
trauma to the disk by lumbar puncture could conceivably be responsible for later 
rupture of the disk. 

A degenerated disk shows a thinned annulus fibrosus and a nucleus pulposus 
of reddish color and mushy consistency. The normal mucoid structure of the 
nucleus is replaced by fibrocartilaginous metaplasia, but histologic signs of inflam- 
mation are absent. 

A detailed classification is given of the various stages of the degenerating 
disk, from simple degeneration to complete rupture. A ruptured disk may be in- 
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completely sequestrated (‘green disk”) or totally sequestrated (“‘mature disk’’). 
[he sequestrated portion may be pocketed if the disk is only partially degenerated. 


The extruded nucleus pulposus may be located opposite the vertebral body, in- 


stead of being in contact with the disk from which it originated (‘“‘dissecting 


é type”). A herniated disk does not calcify, but osteophytic spurs from the mar- 
sins of the vertebra may surround it. When the herniation occurs into an inter- 
vertebral foramen, two nerve roots are simultaneously compressed, for example, 
the fourth and fifth nerve roots by a rupture of the fourth lumbar disk, and the 

é fifth lumbar and first sacral nerve roots by a rupture of the lumbosacral disk. 

y Because of the lateral and concealed position of such a herniation, the lesion may 

: be easily missed in a myelogram, and even at operation, unless the interverte- 

rt bral foramen is thoroughly unroofed. 


Plain roentgenograms of the lumbar portion of the spine give little help for 
¢ the diagnosis of a ruptured disk; reduced height of an intervertebral disk is not 


proof of the presence of a herniation. Myelography has only limited value and 


should be reserved for cases presenting special problems of differential diagnosis. 
: The author unreservedly recommends surgical removal if the clinical signs 
5 of herniated disk are typical. The degenerated portion of the disk should be re- 
moved as radically as possible to prevent recurrence. After operation, a firm 
ss union of the vertebral bodies is established, thus stabilizing the spine. The author 
a believes that in only a few cases need there be primarily fusion by bone grafting. 
iN It is advisable to keep the patients in bed for three weeks after operation to obtain 
& proper consolidation of the spine. Sometimes prolonged rest on hard mattresses, 


with the lumbar part of the spine in lordotic posture, may be required to over- 


come residual pain in the back and muscle spasm. 


List, Grand Rapids, Mich. 


SPREAD OF INFECTIVE HEPATITIS AND POLIOMYELITIS IN Ecypt. C. E. VAN 
Rooyen and G. R. Kirk, Edinburgh M. J. 53:529 (Oct.) 1946. 


Van Rooyen and Kirk think that both infective hepatitis and poliomyelitis 
are primarily intestinal maladies. The carrier as well as the immunity rates at the 


time of an epidemic have never been accurately surveyed for lack of convenient 


methods. In susceptible persons who ingest infective hepatitis virus the secondary 


complication of jaundice develops more frequently than does secondary paralytic 


phenomena in those who ingest poliomyelitis virus. The authors interpret the 
epidemiologic behavior of infective hepatitis in the light of the discovery of the 


causal virus in human stools. Reference has been made to the spread of infection 


under conditions under which British troops served in the Middle East force. 


J. A. M.A. 


REFRACTORY SciATICA Due To NEUROFIBROMATOSIS OF THE CAUDA EQUINA. 
Jutio Diez, Rev. Asoc. méd. argent. 60:273 (May 15) 1946. 


A man aged 62 had sciatic pain of five years’ duration, the pain developing 
after a fall on his buttocks. He had severe pain in the lower part of the back for 
fifteen days, with radiation down the posterior aspect of the right lower limb. 
There was intensification of pain with active and passive movements, especially 
on extension of the right leg and foot. A year before admission a number of 
cutaneous tumors were removed; they proved to be neurinomas. He had difficulty 
in walking because of pain in the right sciatic nerve. On adrnission he had lumbar 
scoliosis, spasm of the right spinal lumbar muscles and limitation of motion of 
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the lumbar portion of the spine. Coughing and straining intensified the pain. 
There were a positive Laségue sign on the right side and atrophy of the right 
calf. The knee and ankle jerks were absent; there were no sensory changes. Roent- 


gen examination showed osteoarthritis. Lumbar puncture revealed partial block, 


with no significant increase in protein. Injection of an opaque substance into the 
spinal canal showed interruption of the column, suggesting the existence of more 
than one tumor. Laminectory revealed the presence of three distinct tumors at- 
tached to the cauda equina; all were neurofibromas. 

The diagnosis of probable neurofibromatosis of the cauda equina was made 
prior to operation. The presence of at least two tumors was suspected. The author 
notes the significance of the trauma which preceded the onset of the complaints. 
Tumors which hang from nerve roots can be displaced suddenlly by accidents. 
The case illustrates the value of contrast mediums in the diagnosis of sciatic 


syndromes. The author emphasizes the resemblance of this syndrome to that of a 
herniated disk. 


N. Savitsky, New York. 


Peripheral and Cranial Nerves 


INVESTIGATION OF VESTIBULAR FUNCTION AFTER Heap INJury. D. G. PHILLIPs, 
J. Neurol., Neurosurg. & Psychiat. 8:79 (Jan.-April) 1945. 


Phillips investigated disturbances of vestibular function in 449 cases of head 
injury and reports in detail 57 cases, which he classified into two series. In the 
first series, comprising 50 cases, hearing was tested by whisper, Weber, Rinne and 
caloric tests. Rotation tests were discarded as superfluous. There were 40 instances 
of abnormal response to caloric testing, characterized predominantly by a delay in 
onset of nystagmus, induced vertigo and depression of the latter. The commonest 
abnormality was a delayed response on the side contralateral to the cranial injury. 
The main features associated with this delayed response were inner ear deafness, 
severity of injury, temporal site of the cranial injury, a closed type of injury and 
a history of otitis media. The main features associated with asymmetry of response 
were asymmetry of cranial or cerebral injury and asymmetry of deafness. “Central” 
responses were those productive of perverted nystagmus or abnormalities of past 
pointing and were present in 10 instances. They were associated with occipital, 
temporal, midline, bilateral and brain stem injuries, with bilateral deafness or 


otitis media. There was some relation between the caloric abnormalities and the 
duration of vertigo. 


In the second group, comprising 14 cases, 7 of which had been included in the 
first series, hot and cold caloric tests were done with the patient in a supine po- 
sition. In 9 cases there was directional preponderence, while in 7 this was toward 
the side opposite to the injury of the head. 

Phillips concluded that disorders of vestibular function, as determined by 
caloric testing, were found in a high proportion of all cases of head injury and 
that in the severe cases focal lesions of the pathways from labyrinth to the cortex 
could be inferred. Vasomotor changes were thought to act as exciting stimuli for 
the symptoms of giddiness in most cases. 


N. MALAMuD, San Francisco. 
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[HE REHABILITATION OF PATIENTS TOTALLY PARALYZED BELOW THE WAIST, 
WITH SPECIAL REFERENCE TO MAKING THEM AMBULATORY AND CAPABLE 
oF EARNING THEIR Own Livinc: II. Controt or Urination. DONALD 
Munro, New England J. Med. 234:207 (Feb. 14) 1946. 


“Every patient who has sustained an injury to the spinal cord, conus or cauda 
equina and is intelligent and cooperative has the right to expect infallible twenty- 
four-hour control of urination by the time he leaves his physician’s care. Only 
those whose bladders have been denervated because of bilateral destruction of the 
parasympathetic plexuses or the lower four sacral segments or roots need any 
extraneous aid. Their numbers are negligible among civilians. Control of urination 
an essential preliminary to self-support. No one will either walk abroad or be 
ible to hold a job if he smells or if his clothes are wet with urine. There is no 
third choice between twenty-four-hour contro] with ambulation and self-support and 

uriniferous aura with constant invalidism—usually in an institution—at the 


xpense of the patient’s family or the public. 
“Tt is the purpose of this paper to present evidence that therapy of the proper 
kind, properly applied with perseverance and patience over a sufficiently long 
time, will assure this end result to all such patients. No discussion of the details 
f the technic of treatment will be offered at this time. This will be considered 
by itself in a subsequent communication.” 
The case material comprised a group of 125 patients who were selected from 
series of 243 persons with injury to the spinal cord, conus or cauda equina. 
Every segment of the cord from the fourth cervical to the tip of the conus and all 
parts of the cauda equijna are represented. One hundred and one of the 125 
patients were chosen, first, because they had lived long enough—that is, one month 
or more—after the injury to permit some conclusions to be drawn as to the effi- 
cacy of the therapy; second, because a sufficient number of cystometrographic ob- 
servations were made to verify the actual physiologic state of response of the 
bladder at frequent intervals; third, because all had become stabilized at the end 
point in so far as the genitourinary system was concerned. In addition, 24 patients 


whom tidal drainage was either not needed or not used are included for com- 
parison. 

“Evidence is presented in support of the contention that every patient who 

has sustained an injury to the spinal cord, conus or cauda equina and is intelli- 
ent and co-operative can have infallible twenty-four-hour control of urination by 
the time he leaves his doctor’s care. 

“If tidal drainage is used at once after the receipt of the injury and supple- 
nted by frequent cystometrograms, the chance of obtaining this result is 20 per 

ent greater than if its use is delayed. 

“In a series of 101 cases selected from a larger group of 243 patients with 
jury to the spinal cord, conus or cauda equina, only 1 patient (0.9 per cent) 
whom tidal drainage was properly used for a sufficient length of time failed 
have infallible twenty-four-hour control of urination at the time of discharge.” 

GutTTMAN, Philadelphia. 
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Irving H. Pardee, M.D., President, Presiding le 

Regular Meeting, Dec. 3, 1946 ti 

h 

Pain Disturbances Associated with Certain War Wounds. Dr. J. LAwreENcE I 


PooL. 


Brief descriptions of trench foot and causalgia were presented, and attention 


was directed to the burning or throbbing pain during the induction of spinal anes- 


thesia that is referred to the lower extremity with a peripheral nerve injury. The : | 
pain in all these conditions is associated with vasomotor disturbance; it is in- $ 
creased with increased vasodilation and decreased as vasomotor stability is im- ‘. 
proved. It thus appears that some types of pain are related to circulatory changes. i 
Observations in cases of causalgia suggest that circulatory disorders and the as- % 
sociated pain may in some instances be due to self-perpetuating activity within ‘ 
autonomic reflex arcs long after the precipitating pathologic process has vanished. 3 
Dysesthesias associated with paraplegia may be affected by smoking and in 4 
some cases relieved by lumbar sympathectomy, suggesting that disturbances in the £ 


autonomic nervous system play a role in this type of distress.) Headaches coinci- 
dent with acute distention of the bladder in paraplegic patients are usually ac- 
companied with mass autonomic discharge above and below the level of tran- 
section of the cord and are generally relieved as soon as the bladder has been 
drained. These observations suggest that such headaches may be due to wide- 
spread activity in the autonomic system, resulting in secondary vascular changes 
about the head. Relief is so rapid after drainage of the bladder that retention of 
toxic products scarcely seems the cause of these headaches. 

Certain sensory alterations following posterior cordotomy and the fact that 
spinothalamic tractotomy usually does not afford relief of causalgia suggest that 
pathways other than the spinothalamic tract may transmit pain impulses—prob- 
ably long intersegmental fibers in, or close to, the substantia gelatinosa. 

Narcotherapy may relieve both the objective and the subjective compo- 
nents in some cases of causlgia, suggesting that self-perpetuating reflex activity 
may be beneficially interrupted at cortical, as well as at peripheral, levels of the 
central nervous system. 


DISCUSSION 


Dr. Haro_tp G. WotrFrF: It is a privilege to discuss the work of a man who 
has been able to derive from a busy military experience provocative observations 
of the sort that Dr. Pool has reported tonight. The information on sensation which 
is needed to answer the questions he has raised is meager. From the point of view 
of the data Dr. Pool has presented, the deficiencies in information fall into two 
categories. First, it is not known precisely where afferent fibers from the leg, 
for example, enter the nervous system. Many afferent fibers from the leg enter with 
the first lumbar root, caudally. On the other hand, in order completely to sym- 
pathectomize a leg, it is necessary to resect at least as high as the ninth thoracic 
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spinal nerve root. It is conceivable, therefore, that some afferent fibers travel along 
with the sympathetic fibers to enter the dorsal roots at the ninth thoracic level, or 
perhaps even higher, but the ninth thoracic is a sensory level for the leg. Foerster, 
n his monograph on pain, written in 1927, described a condition like that which 
Dr. Poole reports, i.e., a transection of the cord at the twelfth thoracic segment, 
in which the patient was capable of receiving painful impulses when the leg was 
noxiously stimulated. Foerster suggested that a number of afferent fibers traveled 
with the sympathetic fibers, and perhaps came together in the midthoracic or the 
lower thoracic level. If this were so, we could understand the causalgia of the pa- 
tient Dr. Pool desribes who had a section at the third thoracic segment, although 
her sensory level was actually at the twelfth thoracic. She had no trouble with 
her leg until the amputation, and then she began to have causalgia, which was 
relieved by sympathectomy. It is conceivable that she was receiving a certain num- 
ber of impulses into the cord at a much higher level than the twelfth thoracic. 

Dr. Pool, with respect to the persons who have pain during the first stages 
of spinal anesthesia, is it possible that this condition represents an initial irritant 
action, which then is followed by the analgesic action? In certain persons procaine 
s known to produce local tissue injury. 


Dr. J. LAwrENCE Poot: Why was the causalgia on the side of the injury, 
a feature which was the peculiar part of this phenomenon? 


Dr. Harotp G. Wotrr: That I cannot explain. Let us consider the pain 
which is experienced in parts separated from the nervous system by either nerve 
transection of local analgesia. Dr. Pool mentioned a man who had pain in the 
hand when the distal portion of the severed ulnar nerve was stimulated. Sir 
Thomas Lewis described an experience that might illuminate this observation. He 
placed an electrode on a cutaneous nerve that supplied the ulnar side of the 
hand and then blocked the proximal portion of that nerve so that when it was 
stimulated the patient experienced no sensation. Then he stimulated the nerve 
for several minutes. After a time the effect of the procaine disappeared, and 
then the patient complained of a burning sensation of considerable intensity in 
that portion of the hand supplied by the nerve which had been stimulated in its 
distal portion. In my opinion, this is not a satisfactory experiment because stimu- 
lation may have injured the nerve, and hence produced the pain. But Lewis 
tried to find support for his results in the work of others and came to the ob- 
servation of Foerster, who, as you remember, made his demonstration of derma- 
tomes by sectioning the dorsal root and then applying an electrode to the distal 
portion of the nerve. He observed that a portion of the skin became red and that 
this was the area in which the patient had pain when the central end of the 
nerve was stimulated. Foerster asserted that, although the nerves were separated 
trom the nervous system by section, the patient experienced pain in the remote por- 
tions when the adjacent nerves were intact. When he sectioned the adjacent 
nerves, pain could not be elicited in this way. Lewis related these observations 

suggesting a new type of peripheral nervous system. He suggested that there 
were fibers contained in the dorsal roots which had nothing to do with sensation as 

ich, but which when stimulated caused to be liberated a substance in the periph- 


capable of stimulating pain endings from the overlapping adjacent nerves. 


[his he called the nocifensor system, with fibers traveling with the posterior roots 


ut having an entirely different, or nonsensory, function. This idea has not been 
popular; no one has ever been satisfied anatomically that there is such a separate 
system: but every one is convinced that it is possible to pick up a dorsal root, 

even a cutaneous nerve, stimulate it and have vasodilatation at a distant 


we 
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portion, and, when adjacent nerves are intact, have pain associated with the 
vasodilatation. These observations raise the question whether one must not 
look for a new kind of function. It may be that peripheral nerves when stimulated 
can elaborate a material in the tissue which is capable of stimulating other, 
adjacent, sensory nerve endings. If this is so, one may have an explanation of the 
phenomena presented by Dr. Pool. Dr. Pool stated that the patient had had the 
operation five to eight months before; it seems unlikely, therefore, that any dorsal 
root nerve fibers would survive. It could be assumed that autonomic fibers had 
grown into the tissues supplied by the ulnar nerve. Whether on stimulation of a 
sympathetic nerve fiber one liberates at the periphery a substance which is 
capable of giving rise to a sensation is at present not demonstrated, although it is 
true that acetylcholine injected intra-arterially does give rise to a burning pain. 

It seems to me, Dr. Pool, that since you have made so many interesting ob- 
servations and raised so many provocative questions, it is your responsibility to 
give us the answer to some of them. I should like to know, for example, whether 
your patient with the headache associated with the full bladder had a pressor re- 
sponse in the way a person who has his foot or hand plunged in ice water gets 
a pressor response. It is hard to believe that a man with his cord transected and 
no pain sense could have a pressor response from immersion of the foot. 


Dr. Morris B. BENDER: I enjoyed Dr. Pool’s interesting and important 
scientific paper. While on duty at the United States Naval Hospital, San Diego, 
Calif., my associates and I had many patients with battle injuries of the peripheral 
nerves, spinal cord and brain. In our studies of these patients, we encountered 
many experiences similar to those cited by Dr. Pool. However, we did not have an 
opportunity to formulate our data, chiefly because our interest was directed 
toward disturbances in perception, especially visual perception. However, we 
agree with the theory that pain produced by injuries to the nervous system was 
in part due to a vicious circle, set up within the nervous system. This vicious 
circle does not necessarily involve the spinothalamic tract alone. The autonomic 
nervous system was considered to play a role in establishing this circle. Our neuro- 
surgeon, Dr. Furlow, performed sympathectomies and sympathetic blocks in 
treatment of patients with causalgia. The patients were relieved by this method. 
As a rule, the patient remained well. However, if ony one of them was repeatedly 
examined with painful stimulation, the entire causalgic syndrome recurred. When 
this testing stopped, the causalgic pain subsided. Further testing again produced 
the syndrome. The most significant observation was that the pain syndrome could 
be abolished by sympathetic block and that repeated painful excitation induced 
recurrence. This suggested that causalgia is predominantly due to a dynamic, 
rather than to a structural, disorder in nerve function. 

Dr. Tuomas J. Brinces: Dr. Wolff suggested a pressor effect as a causative 
factor in cases in which headaches followed distention of the bladder due to an 
occluded catheter. My colleagues and I made careful observations on 2 patients 
at Bethesda, both with complete transections of the low cervical portion of the 
cord, and we could find only an increase in the pulse rate, of about 20, without 
changes in the blood pressure or the respiratory rate. We thought perhaps we 
were getting a renal back pressure, or evidence of a cardiorenal effect, but could 
find no evidence of such action. We had no explanation for the headaches. 


Dr. Harotp G. Wotrr: The patients had headache? 
Dr. Tuomas J. Brinces: Yes. 
Dr. Haro_p G. But no pressor response? 


. Tuomas J. Brinces: No. 
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Dr. BENJAMIN ROSENBLUTH: For many years I have considered trigeminal 
neuralgia a deep pain, mediated through the cervical sympathetic nerves by way 
of the cavernous plexus. This plexus gives branches to the sphenopalatine ganglion, 
which is connected with the geniculate and other ganglia by way of the greater 
superficial petrosal nerve and the deep petrosal nerve, which form the vidian nerve. 
Bearing in mind the pupillary changes and sweating phenomena associated with 
cervical injuries and the deep tenderness in many cases of Bell's palsy, I con- 
sidered the pain of autonomic origin. Though I know of no direct connection of 
the spinal root of the fifth nerve with the sympathetic system, I feel there must 
be such. Hence, I have for many years treated intractible trigeminal neuralgia 
by infiltrating the sympathetic locations in the neck, first with mild solution of 
procaine, followed by 50 per cent alcohol. At times I do this on both sides of the 
neck, as I think there is decussation, as evidenced by crossing of the ciliary re- 
flex. I can report that at least 2 out of 3 patients are cured in this way, thus es- 
caping further injections into the second and third branches of the fifth nerve o1 
operation on the gasserian ganglion. 


Dr. Harotp G. WotFF: Will you say something as to why the pain in 
causalgia should be of the burning type? If causalgia is a disorder of a mixed 
nerve, containing fibers for superficial and deep pain, why are the pain sensa- 
tions in the skin so acute? Lewis suggested that a chemical agent is liberated in 
the skin, which is poorly supplied with blood. 


Dr. J. LAwRENCE Poot: I cannot answer many of the questions that have 
been put. Obviously, a great deal of study is required along these lines. 


I appreciate, Dr. Wolff, your helpful discussion of this subject of pain and of 
the mechanisms of the autonomic nervous system and the spinal cord involved. 
Your question regarding the pressor response Dr. Bridges answered in connection 


with his 2 patients. 


I was glad to hear Dr. Bender's corroboration of some of these observations 
from his experience at the San Diego Naval Hospital; it is of particular interest 
that repeated examinations following sympathectomy may reproduce causalgia. 

Dr. Rosenbluth mentioned the relief of pain by injection into the cervical 
sympathetic nerves, an observation which is in line with a pain mechanism due to 


involvement of the sympathetic nervous system. 


I cannot answer all these questions but hope to investigate them further. 


Disturbances of the Nervous System due to Anoxia and Related Factors in 
Flying Personnel. Dr. WALTER O. KLINGMAN. 


Physiologic problems introduced by high altitude flying came in for much 
attention during the recent war years. Indoctrination of air crew members and 
high flying combat and other missions resulted in states of anoxia in some persons, 
with disturbances in phyiologic functioning of the nervous system. 

Despite careful selection of air crews and training, instances of anoxia oc- 
curred under the best of supervision. The incidence decreased as improved meth- 
ods of control and technics were adopted. 

Major physical changes occurring under conditions of high altitude are re- 


duction in oxygen tension, increase in volume of gas-containing structures and de- 
crease in solubility of gaseous nitrogen in the body fluids and tissues. These fac- 
tors, singly or in combination, produce disturbances of the nervous system. De- 
cided individual variations likewise exist with regard to withstanding these major 
changes 
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Reactions resulting from anoxia are usually reversible by administration of 
oxygen if given in time, before permanent and irreversible changes in nerve cells 
occur. Certain persons, despite a supply of oxygen in the critical zones of high 
altitude, experience temporary or transient changes. These symptoms include 
disturbances of equilibrium and coordination, impairment of motor or sensory 
tracts, disturbances of consciousness, amnesia, confusion, disorientation, dyski- 
nesia, aphasia, migraine-like headaches, scotoma, urticaria, neuralgia, blurred 
vision, nausea, generalized muscular weakness, interference with depth perception, 
paresthesias and syncope. Some of these reactions are also observed after flight 
and are not immediately or shortly relieved by continued administration of oxygen. 

Syncopal reactions of vasodepressor character and syncope of the nondepressor 
type are commonly observed during adaptation to high altitude conditions, usually 
in the presence of multiple symptoms of decompression sickness such as bends and 
chokes. The mechanism of the vasodepressor reaction is presumably through af- 
ferent stimuli arising from various sites affected by decompression sickness, to- 
gether with psychologic factors associated with the situation. Reactions of the non- 
depressor type may result from hypertension and tachycardia in early anoxia, 
reflex central causes or vasospastic phenomena. 

The finding of a predisposition to migraine or migraine-like attacks in the 
past or the family history suggests that the syndrome and clinical migraine may be 
similar in their origin—spasm of the cortical cerebral arteries. 

The effects of acceleration and deceleration, during rapid change of direc- 
tion, may produce cerebral anemia, and possibly structural damage to the brain 
when of severe degree. Unconsciousness may occur with impairment of other 
cortical functions, convulsive movements of the limbs having been experienced by 
some, and there may be retrograde amnesia and disorientation. 

The unusual environment of repeated or long exposure to sudden changes of 
altitude, together with the great strain to which flying personnel are exposed, may 
result in definite psychosomatic complaints, producing chiefly a chronic fatigue 
not explainable wholly on the basis of physical stress. Emotional factors also play 
a considerable role in the development of such states. Undoubtedly, the diffuse 
damage to tissue which occurs in repeated decompression sickness may also upset 
the homeostatic mechanisms concerned in the reparative process and eventually 
lead to fatigue or prolong the fatigue of emotional stress. 
DISCUSSION 

Dr. Hurtey L. Mot.ey: It may be of interest for me to relate a few of 
my experiences in indoctrination work in the low pressure chamber and to describe 
some of the acute reactions. Dr. Klingman saw the patients he described after 
they had left the low pressure chamber, at a time when most of the acute re- 
actions had subsided. Some of the reactors had no symptoms at the time of the 
low pressure run, but symptoms developed later. All the trainees were instructed 
to report to the hospital if any unusual symptoms developed, because there was 
no way of predicting whether they would or would not develop. The indoctrination 
of the trainees was of real value to the Army Air Forces in reducing accidents, 
particularly those from anoxia. The development that was made in designing new 
oxygen equipment was remarkable, and some of this apparatus is adaptable for 
clinical use. Engineers in the Army Air Forces have repeatedly been farther 
ahead in the designing and performance of planes than in solving the medical 
problems resulting for the man. The performance of the plane is limited by what 
the man can stand, as borne out repeatedly in high altitude flights, changes dur- 
ing acceleration and many other aspects. Airplane designers often give little con- 
sideration to the pilot. To illustrate: The size of the cockpit in some of the fighter 
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planes was so small that the pilot had to be lifted out after a long flight because of 
fatigue from the cramped space. “Pilot black-out” also demonstrated that the per- 
formance of the plane was limited by the human element. A notable advance was 
made by medical scientists in the development of the pressure suit, called the ‘“G” 
suit, to help prevent black-out. This suit consisted of five bladders, one each over 
each thigh and calf and over the lower portion of abdomen. Pressure in the 
bladders applied at the time of a change in direction helped to keep the blood 
pressure up and thus prevent black-out. These suits were used by pilots of the 
Ninth Air Force very successfully, with a definite increase in “G” tolerance, en- 
abling better maneuvering of the plane. The human centrifuge demonstrates viv- 
idly the effects of ““G’’ force on the body, and it is used in perfecting protective 
devices, such as the “G” suit and indoctrination. The jet planes go so fast that it 
is impossible for the pilot to get out unaided if an emergency arises. This problem 
was solved by designing an automatic device to shoot out both the pilot and the 
seat by means of compressed air. 

It was thought at first that men susceptible to decompression sickness could 
be eliminated with one run. The first low pressure chamber runs were severe and 
consisted in taking the trainees to a simulated altitude of 38,000 feet (12,000 
meters) and keeping them there for three hours. Many severe reactions de- 
veloped. Later it was found that one low pressure run would not eliminate 
the group susceptible to decompression sickness, and the time at 38,000 feet was 
reduced to one hour, a less severe test. Later still, the standard run was 30,000 
feet (10,000 meters) for one hour and 38,000 feet for fifteen minutes. These 
simulated flights were realistic. The trainees were instructed primarily how to take 
care of themselves at high altitude, with emphasis on the use of oxygen and the 
oxygen equipment. Constant supervision was maintained when men were in the 
chambers by trained technicians watching at all times for any unusual symptom to 
develop. If the subject was at all familiar with the low pressure chamber, there 
was no fear; but persons coming in for the first time usually experienced definite 
apprehension. This fear, I might add, was probably more pronounced among 
physicians than in any other group. 

As Dr. Klingman has pointed out, the rewards of better indoctrination were 
shown statistically in the latter days of the war. In 1943 all flying personnel were 
required to receive altitude flying training. It was amazing to learn how many 
of the older flying personnel thought the use of oxygen was unnecessary for alti- 
tudes up to 20,000 feet (6,600 meters) or even 25,000, feet (8,300 meters 
Others thought the use of oxygen for short periods (five to ten minutes) ade- 
quate. The symptoms of anoxia are insidious; there is no pain or warning signs. 
Demonstrations were designed to impress the men that they could not depend 
on their own feelings for detecting anoxia. One of the demonstrations consisted 
in using one of the men, a volunteer, as a guinea pig. He was usually asked to 
write during the test. After the oxygen was turned off at 30,000 feet, his writing 
gradually became unintelligible. The rest of the personnel observed this subject 
closely. He had no pain; yet unconsciousness developed quickly. At least 50 per 
cent of the volunteers never knew they were unconscious; yet the condition was 
obvious to the others. When the oxygen was turned on, the subject was fully 
conscious in less than thirty seconds. If he was writing when he passed out, 
he started writing again when he came to. Whatever the man was doing when 
he passed out he resumed when he came to. Another stunt was for a volunteer 
to try to take off his shoes and socks and put them back on without oxygen. He 
could not do this at 30,000 feet, but many men thought they had, for, again, they 
were not aware that they had passed out. All trainees had a chance to see these 
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demonstrations showing that at high altitude the proper use of oxygen and the 
oxygen equipment was necessary in order to stay alive. 


Subjects who had bends during one run were more likely to have symptoms 
on a second run. However, four or five runs were required to select a resistant 
group to decompression sickness. Time did not permit giving all cadets four or 
five low pressure chamber tests. At the peak of the air crew training program, 
400 to 500 cadets went through the altitude training unit at Maxwell Field, Ala., 
each day. There were no deaths at this field in training over 100,000 men. We 
were fortunate in this respect. Even with all safety precautions observed, a death 
occurred at another field from reaction to the altitude chamber “flight.” The 
trainee became unconscious after about fifteen minutes at 30,000 feet, and he was 
taken to ground level rapidly. Unconsciousness persisted despite all treatment, 
and death resulted from pulmonary edema after approximately thirty-six hours. 
Nothing specific was observed post mortem. Before autopsy, a ruptured aneurysm 
in the brain was thought the most likely diagnosis. A small number of trainees 
with claustrophobia were eliminated at the time of the chamber flight. Another 
group, of fainters, classified as having vasomotor instability, were not qualified to 
be flying personnel and were usually eliminated by the low pressure run. Per- 
manent defects of the ears or sinuses were detected. The malingerers were easily 
shown up in the low pressure chamber. Some had the idea that they could not fly 
above 10,000 or 12,000 feet (3,300 to 4,000 meters), or perhaps they did not want 
to go into combat and could not fly at high altitude. This group was tested in 
the low pressure chamber with the altimeter covered, so that the true altitude was 
unknown. We might take them to 30,000 feet and keep them there an hour, 
but they might be informed that the altitude was 5,000 feet (1,300 meters). It 
is impossible for even an experienced personnel member to tell the pressure alti- 
tude in a low pressure chamber when he has on an oxygen mask. 


All possible safety precautions were taken with low pressure chambers with 
the twenty men inside. Two trained technicians were watching the trainees from 
outside through portholes, and another man, who lectured, also watched con- 
stantly. Frequently an oxygen mask would loosen and the subject would have 
a leak, and he might pass out from anoxia. We believed that most of the symp- 
toms from exposure to high altitudes were due to nitrogen bubbles forming in the 
tissues of the body (blood, muscles, tendon sheaths or brain). When the existing 
pressure is reduced by one-half, bubble formation begins. Pain around large 
joints is commonest (bends). In the pulmonary circulation the symptoms from 
the nitrogen bubbles are called “chokes.” The nitrogen bubbles may interfere with 
an adequate oxygen supply to the brain, and symptoms of anoxia may develop, 
even with 100 per cent oxygen. The bubbles get larger the higher one goes, and 
the reactions are apt to be severer at 30,000 than at 20,000 feet. Thirty thousand 
feet is a dividing line for man, as in general the reactions that occur are usually 
mild below this level and are more likely to be severe above. If 100 per cent 
oxygen is used a few minutes before ascent to altitude and all the way up, some of 
the nitrogen in the body is washed out. If all the nitrogen is washed out before 
ascent to 30,000 or 38,000 feet, there should be no symptoms. This method is im- 
practical, as six to twelve hours is required to wash out all the nitrogen. However, 
breathing 100 per cent oxygen as described, even for a short time, will reduce 
the incidence of decompression sickness to a low figure. 

The immediate treatment of acute reactions to reduced pressure consists pri- 
marily in three things: (1) Recompression to ground level should be made as 
rapidly as possible; (2) the patient should be given 100 per cent oxygen all the 
way to ground level and kept under treatment with oxygen until the acute symp- 
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toms subside, and (3) he should be kept at rest in bed for at least one hour, or 
longer if necessary. The blood pressure and pulse should be normal before the 
man is released. If any symptoms persist beyond two hours, the subject should be 
sent to the hospital for observation and for rest that night and the next day, if 
necessary. Some of the symptoms are very severe. Rapid collapse with shock and 
unconsciousness; convulsions; transitory paralysis of various parts of the body, and 
spots, scotoma and partial blindness in the eye may occur. Bradycardia, with a 
low blood pressure, particularly the diastolic, was almost always present. No 
permanent damage was observed in the trainees. The acute symptoms usually 
cleared rapidly. Reactions involving the central nervous system were most likely 
to have residual signs, which might persist for many days, but eventually cleared. 


Dr. Henry A. Ritey: I understood from Dr. Klingman’s presentation that 
the mental and physical changes described were due to lack of oxygen and anoxia. 
It is therefore difficult for me to understand why these symptoms are present in 
patients who are breathing 100 per cent oxygen. 

Dr. WALTER O. KLINGMAN: In many instances, for the period in which 
the experiment was carried out, the oxygen mask was not applied until the sub- 
ject reached an elevation of approximately 18,000 feet, and during that period we 
saw a great many more reactions than when we started with administration of oxy- 
gen at a much lower level. In other words, a partial anoxia existed before the sub- 
ect reached 18,000 feet (6,000 meters). Then, when he was carried to 30,000 
feet, although 100 per cent oxygen was given, the oxygen saturation of the blood 
may have been materially reduced. That plan was later abolished, for we were 
having a fair number of reactions, and the oxygen mask was applied at a level 
lower than 18,000 feet. 


Nutritional Disorders in Allied Repatriates and Japanese Prisoners of War. 
Dr. H. Everts. 


The scope of this paper is entirely clinical and represents my observations 

the physical and neurologic status of some of the allied repatriates recently 
removed from Japanese prison camps in Japan and China to American Army hos- 
pitals in Saipan and the Philippine Islands, as well as of Japanese prisoners of 
war in the Prison Hospital at New Bilibid and nearby prison stockade after the 
Japanese surrender. 

The first repatriates examined were 75 American soldiers removed from 
Japan and hospitalized in Saipan. These troops had been imprisoned since the 
earliest hostilities in the Pacific, first in the Philippines and later in Japan. His- 
tories taken from these men were extremely similar, and the various presenting dis- 
ders occurred uniformly at about the same time. The diet during imprisonment 
had always been low in calories; dietitians’ estimates were 800 to 2,000 calories, 
with the usual diet furnishing about 1,500 calories. The diet was never adequately 
balanced, since it was regularly low in proteins, fats and vitamins and always high 
n starches. The staple was rice, with yams, leafy vegetables and oil (coconut). 
Little meat or fish was ever in their diet, and fruit was rarely obtainable. This 
diet was the same for every one, and was thus especially inadequate for those 
who had to work and for men of above average stature. The larger men had suf- 
fered more in general, and more often died when sick, than did the men of small 
Stature. 

Chronologically, the earliest disorder described by these troops was the pro- 
gressive, severe loss of weight, and in four to six months many noted swelling of 
the feet and ankles. This swelling varied in degree, and at times disappeared. 
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There were also general lassitude and ease of fatigue. In the first year many men 
noted sore mouths and swollen gums (scurvy); others had painful fissures at the 
angles of the mouth (riboflavin deficiency). Many, too, described burning feet 
and told how they could barely walk because of the pain and burning in the 
soles of their feet. In some, the burning feet appeared to be an isolated phenome- 
non; in others, it appeared to be but an accompaniment or a prodrome of dry 
beriberi, since there developed progressive, symmetric, ascending evidence of neu- 
ritis, described in somewhat the following chronologic order: The feet grew heavy 
and ached, and shooting pains and persistent burning then developed in the soles. 
These pains often ascended to the knees, and might later affect the hands and 
forearms as well. In many cases of the latter type visual symptoms, first dimness 
and later varying degrees of blindness, developed. 


That pellagra was also common was evident from their description of sore 
mouths, and swollen, painful and reddened hands and feet or other exposed parts. 

Far commoner, however, was the swelling of the feet and ankles by day, and 
of the face each morning—a dependent type of edema, which might become 
very severe and produce great swelling in the scrotum and abdomen, completely 
incapacitating the men. With this was described severe nocturia, with micturition 
twelve to fifteen times during one night. 


These disorders were always made worse, or at times precipitated, by malaria, 
dysentery or infection with worms, all prevalent in the Pacific Ocean area. 


These men are now responding well, for the most part, on a purely supportive 
regimen of adequate diet and vitamins. 


It is of interest that many of the troops who had been free from edema and 
had only minor distress in their feet, and who had been ambulatory prior to em- 
barking from Japan, had severe edema of the extremities, and a few became 
almost paralytic, en route to Saipan on warships when they were permitted to 
satisfy a voracious appetite during their week at sea. Some of these men sub- 
quently became severe therapeutic problems. Likewise, in the hospital it was early 
apparent that these starved and physically wasted men could not tolerate full 
diets; less well did they tolerate large blood transfusions, even though some were 
anemic and had a low protein content of the blood. Hence, it became the prac- 
tice to feed the sicker of these patients according to their weight plus 15 per cent, 
give multivitamin capsules and reserve small transfusions for the men with the 
severest malnutrition. Their course as a rule was good, and in about ten days 
they could tolerate a regular diet and gained strength rapidly. All the troops 
I saw here had had an improved diet for three or four weeks before arriving in 


the hospital, for it had been dropped to them by air since Aug. 16, 1945 and 
they had been one week at sea. 


Both the American and the British repatriates gave the history of a diet 
deficient in calories and seriously deficient in protein and all water-soluble vita- 
mins, viz., vitamin B complex and vitamin C, and, to some extent, in the fat- 
soluble vitamin A. This severe dietary deficiency early became manifest in malnu- 
trition and dependent edema, followed only after a few months by the evidences 
of vitamin deficiency. Early among these were sore, hypertrophied gums, due to 
lack of vitamin C; fissured angles of the mouth, due to lack of riboflavin; acute 
symmetric dermatitis and the sore mouth of pellagra, due to lack of nicotinic acid, 
and, later, the manifold symptoms of beriberi neuritis, due to lack of thiamine 
chloride. Early, too, was the frequency of “burning feet,” probably related to vita- 
min B deficiency. The prompt response of early visual symptoms to administra- 
tion of vitamin A warrants its inclusion with the probable vitamin deficiencies. 
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Both the malnutrition and the vitamin deficiency were frequently aggra- 
vated by disease, poor living conditions and the frequent added burden of physical 
work. All these made for a picture of starvation and disease rarely observed and 
experienced in modern times. 


After the recapture of Manila and the Japanese surrender, great numbers of 
starved, wounded and otherwise sick Japanese troops became the responsibility of 
the Medical Department of the Army of the United States. These sick and 
wounded were initially hospitalized at New Bilibid (Philippine Commonwealth 
Prison), where soon the facilities were greatly overtaxed with over 4,400 bed pa- 
tients. Later the men were moved to newly constructed buildings in a nearby 
prison camp, by which time the hospitalized sick census rose to over 6,000 patients, 
the great majority of whom were medical. There were additional great numbers 
of ambulatory Japanese prisoners, who, too, showed advanced grades of malnutri- 
tion, many with dependent edema; these men were managed on a regular prisoner 
status by the military police. 


The Japanese soldier, conscripted for the most part from the peasant and 
fisherman classes, is short, with an average height of 5 feet 3 inches (160 cm.), a 
long torso and short, relatively thick arms and legs. His discipline was largely one 
of literal, unthinking, blind obedience. Thus, generally good cooperation was 


easily obtained from the Japanese in the care of their sick, who, in turn, seemed 
appreciative of whatever was done for them. 

There was little stirring under this vast tentage at New Bilibid; cots by the 
thousands were occupied by these small, wasted men, many with ulcerous, edema- 
tous extremities and protuberant bellies. The apathy, the stench of the sick, the 
frequency of death—the last a very public affair—lent much of a depressing na- 
ture to an already appalling medical problem. Later it was possible to improve 
both the management and the morale of the patients and personnel in general 
by removal to the new hospital. 

Interrogation of Japanese army physicians from both forward and rear 
echelons yielded the following data: ‘The Japanese soldier’s normal diet con- 
sisted of three canteen cups of rice, plus meat or fish, each day. Yams and other 
vegetables were regularly available. Some cheese was frequently obtainable. Much 
of their food was of cold storage type and entirely adequate. Medicines, too, were 
always available in ample quantity.” 

The health of the Japanese soldier was good until late in December 1944 and 
January 1945, after which time it declined seriously. The blockade of the 
Philippines was in effect for a full year before V-J Day; but, though their own 
food supply failed them, they were able to “live off the land” until the American 
invasion drove them into the mountains. Here they subsisted on leaves, grass and 
roots. No meats, fish, rice or fats of any kind were obtainable. The sick and 
wounded could not be cared for, and many died. Many others became sick and 
died either of inanition or because they were too weak to recover from other, in- 
tercurrent, illness. Medicines ran out, leaving them without means of combating 
the then rampant malaria and dysentery. These physicians brought out that 
whereas beriberi was common in Japan, it was rarely accompanied with inanition. 
Thus, they regularly recognized three types: the dry, the wet and the mixed. The 
dry type usually came first, then the mixed; and it was the mixed type which 
was usually seen by the physician. 

Among their troops, wasting of the body was severe as a rule, and it became 
difficult to tell whether it was severe malnutrition or beriberi which the patient 
had; the two were always associated later. 

The earliest symptoms of beriberi in this group of patients were usually 
aches and pains in the body and extremities, fatigue and often some hyperesthesia 
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over the anterolateral surface of the legs (distribution of the peroneal nerve), in 
the area of the antecubital fossa and extending up and down in the distribution of 
the medial and lateral antebrachial cutaneous nerves. The first phase passed into 
hypesthesia and hypalgesia, often with accompanying tinnitus and mild deafness 
(vision never affected), and in three to four weeks systemic effects developed 
with swelling of the ankles, cardiac enlargement and often ascites and fluid in 
the chest. Many of these patients died suddenly of cardiac failure. A few became 
delirious, and a few psychoses also occurred. Frequently, also, malaria or dysen- 
tery complicated the beriberi and malnutrition—thus, the morbidity and mortality 
had been very great prior to capitulation. 

From the standpoint of treatment, these patients received a moderately well 
balanced diet of 1,200 to 1,500 calories, with multivitamin capsules and occasion- 
ally the addition of 10 mg. of thiamine chloride each day. Malaria and any other 
disease received treatment accordingly. The response of these patients was uni- 
formly good, except for some with cardiac disease, many of whom died suddenly. 

As soon as these patients were ambulatory, free from edema and gaining 
weight, they were transferred to the regular prison stockade and maintained on 
a regular prison regimen. 

There was, in addition, a group of about 100 wives of Japanese soldiers, 35 in- 
fants and a few older children. Malnutrition of moderate to very severe grade 
was present in all. The nursing infants were cachectic and had obvious vitamin 
deficiencies, consisting of infantile beriberi, scurvy and, especially, cheilosis. The 
mortality among these infants was great; the majority died in a few weeks. The 
older children responded more like the adults with respect to their nutritional 
state, and many showed gradual improvement, as did the majority of the women, 
on an improved dietary regimen. 

The Japanese group, then, showed what may be regarded as borderline acute 
starvation from the standpoint of vitamin adequacy, not only in the Philippines 
but also in their homeland. The picture was regularly one of severe malnutrition 
with evidences of hypoproteinemia and varying grades of deficiency in the vitamin 
B complex and in vitamin C. In addition, this group was ravaged by the usual 
diseases so prevalent in this area, malaria and dysentery. 

Specific diagnoses were often difficult to establish because of the many mixed 
pictures and, to no little extent, the paucity of laboratory facilities available at that 
time in the prison hospital. 

One limited study showed clearly a high incidence of moderate to severe de- 
grees of secondary anemia, and plasma protein levels were often well below the 
critical level for edema. 

Transfusions were given to many; but here, again, the larger transfusions re- 
sulted in the sudden death of some patients, and so smaller ones were resorted to. 
Vitamins in the form of multivitamin capsules were regularly administered. The 
diet was never excessive, so that overfeeding did not enter the problem. 


DISCUSSION 


Dr. Murray GLusMAN: I was particularly interested in the manifestations 
of deficiency Dr. Everts described in the Japanese who were captured after the 
American invasion of the Philippines. He mentioned ataxia, tinnitus and de- 
creased hearing as evidences of nutritional deficiency in the Japanese troops. 
These phenomena were unusual in the allied personnel captured earlier by the 
Japanese. Similar phenomena, however, were observed by Spillane and Scott in 
German troops captured in the Middle East (Spillane, J. D., and Scott, G. I.: Ob- 
scure Neuropathy in Middle East: Report on 112 Cases in Prisoners-of-War, 


| 
] 
| 
| 
| 


SOCIETY 


TRANSACTIONS 821 


Lancet 2: 261-264 [Sept. 1] 1945). These authors noted the development of de- 
creased hearing, tinnitus and ataxia in association with retrobulbar neuritis in 
German troops. 

Dr. Everts described the nutritional disorders he observed in allied personnel 
who were being repatriated from various Japanese prison camps. It may be of 
interest, therefore, to mention the diet on which many of these prisoners of war 
existed and to recount briefly some aspects of the various deficiency syndromes 
as they first developed. 

At the Bilibid hospital in Manila, the central hospital for prisoners of war 
on Luzon, the daily diet issued by the Japanese consisted of about 500 Gm. of 
rice, 200 to 250 Gm. of vegetables and small amounts of coconut oil and salt. At 
times the rice was well milled; at other times it was undermilled. The vegetables 
were usually leafy greens. From time to time a negligible amount of meat or fish 
was added to the diet. The rice was either steamed or cooked into a gruel, and the 
vegetables were always boiled. This diet, which was supplemented with various 
small purchases from the commissary operated by the Japanese, was also more 
or less representative of what troops captured by the Japanese in Hong Kong, 
Singapore and Java received. 

Except for loss of weight, perhaps the first evidence of nutritional deficiency 
which appeared in the American troops in the Philippines was edema. This 
developed about the time of the fall of Corregidor, in May 1942, and soon be- 
came prevalent. In some cases the edema progressed to ascites, and in a few 
instances signs of cerebral edema developed. 

Another early manifestation was loss of libido. This, too, was first noted 
about the time of the fall of Corregidor. It is for the psychiatrists to relate this 
fact to the rather low incidence of psychoses among the prisoners of war. Cases 
of conversion hysteria were not infrequent. In Japan in 1945 they were seen in 
increasing numbers; however, true psychoses were not common. 

In July 1942, pellagra began to appear among the prisonsers of war in the 
Philippines, and in a relatively short period the rashes, glossitis and diarrhea of 
pellagra became common findings. Only an estimate of the incidence of pellagra 
can be given; however, it would be safe to say that at Bilibid during the winter of 
1942-1943 at least 30 to 40 per cent of the patients admitted for all causes 
showed some evidence of pellagra. Dulness and impaired memory were often as- 
sociated with pellagra. Disease of the spinal cord, however, which could be defi- 
nitely attributed to pellagra, was not apparent. The response to nicotinic acid ther- 
apy of the rashes, glossitis, diarrhea and mental symptoms associated with pellagra 
was gratifying. 

Signs of ariboflavinosis appeared in the summer of 1942, and angular sto- 
matitis and scrotal dermatitis soon became common. 

Dr. Everts mentioned night blindness in the British prisoners of war. This was 
the first of the ocular manifestations of nutritional deficiency to appear in the 
Philippines. Somewhat later, corneal ulceration became a fairly common and 
troublesome complaint. Nutritional amblyopia, however, was one of the most 
important problems of nutritional deficiency seen in the Philippines. This condi- 
tion was associated with central and paracentral scotomas and was probably due 
to retrobulbar neuritis. It first appeared in Bilibid in the late summer and the 
fall of 1942, and it attained maximum incidence in 1944, at which time rations 
were particularly poor and a very considerable percentage of the patients and 
staff were affected. 

In the late fall and the early winter of 1942 a major epidemic of “burning 
feet” appeared at Bilibid. This became a serious and puzzling problem. A good 
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deal of discussion went on among the medical officers who encountered this con- 
dition as to whether or not it was a manifestation of beriberi. However, the pains 
in the feet did not respond to thiamine chloride, and patients with “burning 
feet” did not lose their deep reflexes in the lower extremities or have muscular 
paralysis. In some patients with “burning feet’ who were transferred to Japan 
gangrene of the distal portions of the feet developed. This probably indicated 
vascular impairment associated with the condition. 

A good deal of “‘wet beriberi’’ was seen in the Philippines. How much of 
this was due to hypoproteinemia or starvation edema is difficult to say. My unit 
was equipped to do blood protein studies, and on clinical grounds alone the dif- 
ferential diagnosis is a difficult one. 

In Japan proper, at the Kobe hospital for prisoners of war, the deficiency 
syndromes generally were not so clearcut or so severe as those seen in the Philip- 
pines. This may have been due to the fact that in Japan variable amounts of 
barley, millet seed and soy beans were always mixed with the rice issued to pris- 
oners of war. Of particular interest in Japan were the common complaints of 
nocturia and polyuria. It was not infrequent to find patients who complained 
of having to void ten or twelve times during the night. These complaints were ap- 
parently due to a disturbance of water balance. They were not associated with 
elycosuria or infections of the genitourinary tract. 

Not all the manifestations of nutritional deficiency which appeared among the 
troops captured by the Japanese can be explained in the light of present knowl- 
edge of avitaminosis and nutritional deficiency. It is possible that some of the 
atypical manifestations may have been due to deficiency of one or more of the 
newer vitamins, for which deficiency syndromes have been described in experi- 
mental animals, but not in human beings. 

Dr. Henry A. River: There is little I can discuss in this paper, for I had 
no opportunity to examine any of these patients. I, therefore, have had no first 
hand experience to compare with that of Dr. Everts. The whole paper was of 
extreme interest to me as a description of the conditions which he saw. The only 
patient with whom I had any contact was a correspondent, Mr. Powell, who was 
interned by the Japanese in the early days; he lost both his feet and had an ex- 
treme deficiency syndrome. I examined him when he was at the Presbyterian 
Hospital for a prolonged period, with the diagnosis of peripheral neuropathy. 
I was asked to see him because of a complication which arose in the course of his 
convalescence, the reason for which was not evident, namely, the sudden de- 
velopment of massive ataxia, which made it almost impossible for him to carry 
out any of the tests for coordination in the upper and lower extremities. He had 
almost complete loss of all the deep sensibilities, and it seemed as though the dor- 
sal columns and the adjacent portions of the cord had been temporarily put out 
of function. The only additional factor found in the examination at that time 
was an extreme change in the blood volume, not in the actual constituents of the 
blood, since the ordinary blood count showed no material change, but a steep drop 
in the blood volume. His improvement began as soon as that was discovered and 
adequate means taken to reverse this condition. 

I should like to ask whether the evidences of involvement of the central ner- 
vous system improved at all as compared with the improvement in the signs of 
damage to the peripheral nervous system. In most patients who present the classic 
signs of dorsolateral degeneration dependent on blood dyscrasias, the dysfunctions 
of the central nervous system do not change much if they have been in existence 
for any length of time. What does improve is the dysfunction due to associated 
involvement of the peripheral nervous system. 
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Dr. WILLIAM H. Everts: In reply to Dr. Riley’s question about improve- 
ment of the central nervous system: First, the time element during which we had 
to observe these patients was too short, but I may say there was pronounced im- 
provement in strength and in the numbness of the feet and legs, as well as in the 
vision of some of them. The acuity of vision which they had remained, but there 
was practically no improvement in the central scotomas. The period of observa- 
tion, during which the diets were better, was about seven weeks. For the first 
four weeks we did not see them. They had food dropped by airplane, and the 
diet was thus improved; but, according to many, it was not adequate. In the 
hospital the regimen was adequate, but neither the scotomas nor the symptoms 
referable to the cord improved during the time of observation. As I was observing 
them, I felt that the improvement recorded on many of the charts was purely 
that of general strength, of the peripheral nervous system, and not that of the 
central nervous system at all. In the course of a few weeks these men were ready 
to get up and be on their way, and they hiked off to the ships of the British army 
and to our ships without too much trouble. That was not so with the men who 
were serevely ill, and I think they will be permanently crippled. 


PHILADELPHIA NEUROLOGICAL SOCIETY 


Anthony S. Tornay, M.D., Presiding 
Regular Meeting, Feb. 28, 1947 


Pneumoencephalographic Diagnosis of the Presenile Dementias. Dr. PAuL 
CuoporrF (by invitation) and Dr. WALTER FREEMAN, Washington, D. C. 


The literature relating to the value of pneumoencephalography in the differ- 
ential diagonsis of the presenile dementias was reviewed. The report of Flugel indi- 
cating that the extracortical air is distributed as large, confluent masses over the 
frontal lobes in cases of Pick’s disease and as broad stripes over the convexity in 
cases of Alzheimer’s disease was shown to be based on rather tenuous evidence. 
Nine cases were reported, in all of which pneumoencephalograms had been made 
and in 8 of which autopsy had been performed. The pathologic observations were 
compared with the pneumoencephalographic findings, and it was pointed out that 
the lack of clearcut pathologic distinction between Pick’s and Alzheimer’s disease 
vitiates the value of air studies in the differential diagnosis. Uniform or asym- 
metric ventricular dilatation without displacement was found in all the 9 cases 
reported. In these cases the appearance of the extracortical air was of little or no 
value in differentiating the two conditions. It was concluded that the pneu- 
moencephalogram is a valuable diagnostic aid in distinguishing the presenile de- 
mentias from other conditions, but that it is of little or no value in differentiating 


the various members of the presenile group. 


DISCUSSION 

Dr. WALTER FREEMAN, Washington, D. C.: Dr. Chodoff might do well to 
bring out in his final discussion that pneumoencephalographic examination in 
these cases is not always without risk. I recall a patient, not in this series, who 
after pneumoencephalographic examination went into profound shock and was 
saved only by heroic efforts, including a blood transfusion and oxygen inhalations. 
Another patient, who probably had unrecognized septicemia at the time the pro- 
cedure was carried out, died of meningitis. Autopsy revealed that the ventricles 
were filled with a mixture of air and pus. 
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The sections in 2 of these cases were particularly interesting. One is accus- 
tomed to the picture of Alzheimer’s disease and, to a less extent, of Pick’s disease, 
which is less common. However, the patient with the largest ventricles of the 
series, and who later went into status epilepticus, showed a widespread demye- 
linating process in the subcortical white matter. It was not accompanied with an 
inflammatory reaction. There was not much sclerosis. The white matter simply 
disappeared. 

The basal ganglia were exceptionally small. However, there were no dis- 
seminated plaques throughout the rest of the nervous system. The cerebellum also 
showed demyelination. In the last case the brain showed the changes neither of 
Pick’s nor of Alzheimer’s disease, and only a moderate degree of arteriosclerosis. 
Perhaps Dr. Chodoff can say more about the mental phenonema in this case, for 
the cortex and the subcortical white matter, except for the dilated ventricles, 
appeared to have been in a rather satisfactory condition. 


Dr. CHARLES Rupp: I wonder whether the authors observed anything char- 
acteristic in the pneumoencephalogram that would assist in differentiating the so- 
called presenile psychoses from the arteriosclerotic type. 


Dr. Micuaet Scott: I should like to ask Dr. Freeman and Dr. Chodoff 
what type of anesthesia they used and whether they carried out complete drainage 
during the encephalographic procedure. Finally, in what position were the patients 
placed when the air was introduced and the roentgenograms were taken? 


Dr. MattHew T. Moore: The authors are to be congratulated on bringing 
up once more the use of pneumoencephalography in differentiation of the organic 
and the so-called functional psychoses. In 1933 and in 1935 I reported a series 
of 152 cases representing various types of psychoses. At that time, I demonstrated 
in cases of schizophrenia a type of atrophy involving the frontal and parietal lobes. 
The brains in the first and third cases of that series have recently been studied 
pathologically. In both, the gross morbid changes reflected the original observa- 
tions in the air studies. 

It must be kept in mind, however, that the air findings, as shown by Dr. 
Chodoff, are not specific for any one disease. For example, I have seen a case of 
dementia paralytica in which the encephalogram would duplicate that in his first 
case. The enlarged lateral ventricles present in several of the other cases shown 
here are frequently seen in cases of cerebral arteriosclerosis. 

I wish also to ask whether the authors use ether anesthesia. This may cause 
cerebral congestion and edema and prevent dispersion of air. What has been the 


time elapsing between the performance of the pneumoencephalographic study and 
the autopsy? 


Dr. A. M. OrnsTEEN: This presentation moves me to talk briefly about the 
practical aspect of the post-traumatic encephalogram. It has been the experience 
of a number of us to be confronted with vexing problems of the postconcussion 
syndrome. Encephalograms have been produced to prove the contention that there 
is cortical atrophy. The validity of the roentgenologic basis, I must say, is often 
highly questionable. This evening’s presentation makes the value of the post- 
traumatic encephalogram all the more questionable, since the films in cases of 
Alzheimer’s and of Pick’s disease, in which the cortical atrophy is known to be 
extreme, do not show the wide markings of the cortical fluid pathways considered, 
in the opinion of some clinicians, to be sine qua non for postconcussion cortical 
atrophy. After hearing this paper and viewing the encephalograms shown by Dr. 
Freeman and Dr. Chodoff, one should be more conservative in interpretation of 
post-traumatic encephalograms. 
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Dr. F. H. Lewey: In some of the ventriculograms the basal ganglia were 
poorly outlined. Is there a reason for it? 


Dr. BERNARD J. ALPERS: I enjoyed this paper very much. The approach of 
Dr. Freeman and Dr. Chodoff in regard to the problem of presenile psychoses has 
been very much that of the rest of us. There arises the question why it became 
necessary to make the pneumoencephalographic studies in these cases, wholly apart 


from the desire to see what the brain might look like in an encephalogram. 

From the standpoint of diagnosis, I should say that on the basis of the ex- 
perience of my colleagues and myself, and we have had experience with several 
cases of this sort, it has been necessary to make encephalograms only when a 
diffuse cerebral process had to be differentiated from a possible cerebral tumor. 
From the abstract of these cases, I should say that the diagnosis of presenile 
dementia seemed to be clear enough. There were definite indications of deteriora- 
tion and other evidences of a diffuse cerebral process. The problem, therefore, 
resolves itself into the question whether an encephalogram can be regarded as 
useful in the diagnosis per se of a presenile dementia and, if it is not useful, what 
it is useful for. I do not think it is useful in the diagnosis of a presenile dementia. 
Our main use of the encephalogram in cases of the presenile dementias has been 
in determining whether there was a diffuse cerebral process or a cerebral tumor. 
I remember a case of a man with a typical picture, or what seemed to be a typical 
picture, of Alzheimer’s disease; he had a great deal of mental deterioration and 
was in the presenile stage; autopsy revealed a cystic tumor of the cerebellum. I 
remember distinctly another case, that of a woman, who also had a typical picture 
of presenile dementia; in the course of time there developed choked disk and evi- 
dence of a ghoblastoma multiforme. I should say that pneumoencaphalography 
seems to have relatively little value in the actual diagnosis of a presenile dementia, 
but that it has great value in the differential diagnosis of a presenile dementia 

nd some other process, such as a cerebral tumor. 

Dr. PAuL CuoporFr, Washington, D. C.: I thank all the discussants for their 
observations. Dr. Freeman brought up the question of injurious effects of the 
encephalographic study; in 1 case the result was certainly bad. One of the patients 
had his encephalographic examination, never really recovered, went into hyper- 
pyrexia and died in a few days. In another case there was considerable reason to 
believe that the encephalographic procedure had hastened the end. Of course, all 
these patients were deteriorated. Dr. Rupp asked about the value of the encephalo- 
gram in the differential diagnosis of the presenile and the arteriosclerotic enceph- 
alopathies. My feeling is that it is of no value—that the amount of atrophy is 
not mirrored precisely enough by the air studies for anything differential to be 
determined. Actually, in some cases, arteriosclerotic encephalopathies occur in 
cases of presenile age distributions, and in these cases the air encephalogram 
would be of little diagnostic value. 

Dr. Scott asked the question which I was waiting for—about the technic of 
the air studies in these cases of presenile dementia. The data were collected from 
the patients’ charts at St. Elizabeths, and none of the encephalograms were made 
personally. In most of these cases, unfortunately, the amount of fluid removed 
ind of air replaced were not mentioned. However, I got as much information as 
I could from the people who had been working there, and I believe that in all 
cases the attempt was made to drain the spinal fluid entirely; I am further led 
to believe that because during the period in which these procedures were being 
carried out it was common practice to take all the fluid one could get, in con- 
trast to present custom. No anesthesia was used. The studies were all made with 
the patient in the sitting position. So far as the cases of Schilder’s disease are 
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concerned, 1 of the 2 cases—the outlandish one—did not fit into any particular 
category; it may have been an instance of Schilder’s disease, but that is the only 
one in which this diagnosis seemed possible. 


Dr. Ornsteen’s comments on the encephalogram in his case are pertinent. 
Dr. Lewey asked about atrophy of the basal ganglia. The case reports read were 
abstracted from a considerable mass of material, and in a number of the cases 
there was considerable atrophy of the ganglia. Dr. Alpers’ comments are well 
taken. In general, air studies in these cases were made for two purposes: to estab- 
lish the diagnosis of presenile dementia or, in 2 cases, to rule out cerebral tumor. 
I think that in the early stages of these conditions encephalography is valuable. 
Later, of course, in the case of a patient who is mute and vegetative there is no 
difficulty in making the diagnosis, but earlier one can be of value to the patient 
and his family in making a prognosis if one is able to demonstrate an appreciable 
degree of ventricular dilatation without displacement. 


Intramedullary Granuloma of the Spinal Cord: A Clinicopathologic Study. 
Dr. Mary M. Larney (by invitation). 


Of tumors within the spinal canal, the intramedullary group comprises about 
15 per cent, and of these the granulomatous lesions are uncommon. The latter are 
usually tuberculomas or gummas, although a few cases have been reported in 
which no definite diagnosis could be made either by gross or by histologic exam- 
ination. The total number in the literature to date is about 95. 


The clinical picture in cases of intramedullary granuloma of the cord is that 
produced by an intramedullary lesion at any level, namely, one of compression 
and destruction of the cord, with no discrimination as to age or sex. Except in 
rare instances, tuberculomas of the cord are hematogenous, occurring either as 
part of generalized tuberculosis or from dissemination of a pulmonary lesion. In 
some cases the tuberculous focus may produce no clinical symptoms, and in a few 
instances there may be no evidence of tuberculosis elsewhere. The changes in the 
spinal fluid are nonspecific except in cases in which the lesion is associated with 
tuberculous meningitis. 


Gumma of the spinal cord is a late development of syphilis, representing part 
of a more widespread involvement, and originates in the meninges with extension 
into the cord substance. The Wassermann reaction of the spinal fluid may or may 
not be positive, and final diagnosis often rests on evidence of the disease elsewhere. 

Six cases from Philadelphia General Hospital of intramedullary granuloma 
of the cord in patients of ages ranging from 23 to 65 years are presented. In 5 of 
these cases the chief signs and symptoms on admission to the hospital were those 
of transverse myelitis or a neoplasm of the cord, namely, weakness, paresthesias 
and decreased sensation in the lower extremities, reflex changes and incontinence, 
with rapidly progressive deterioration and death. In the sixth case there was 
clinical evidence of advanced pulmonary tuberculosis. In 4 of the cases a definite 
postmortem diagnosis of tuberculoma was made on the basis of the histologic ap- 
pearance of the lesion and the presence of tuberculosis elsewhere, but in only 2 
of these cases was there clinical evidence of extraneural tuberculosis on the patient’s 
admission. In a fifth case, a tentative diagnosis of tuberculosis was made in the 
absence of any evidence of syphilis, and in the sixth no definite diagnosis could 
be made. In 4 of the cases studies of the spinal fluid were made, and in 2 the 
colloidal gold curves were abnormal. In 1 case a Froin syndrome was present. 
Otherwise, the changes in the spinal fluid were nonspecific. The histologic picture 
in all the cases was that of a chronic granuloma with central caseation and 
fibrosis, surrounded by lymphocytes and giant cells. 
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DISCUSSION 


Dr. HELENA Riccs: The cases which Dr. Larney reported are of interest in 
5 that the possibility of tuberculosis of the central nervous system was not suspected, 
since the symptoms of tuberculosis elsewhere were few except in the last case. 
a The other point of interest is the age of the lesion as compared with the dura- 


tion of symptoms. Microscopic examination revealed a dense reticulum in all 


i 

Sa cases, suggesting that, as Hassin stated, the neurologic signs are the result of the 
reactive process rather than of the tuberculosis itself. In other words, there is a 

a tuberculous focus in the cord to which the nervous system reacts as to a foreign 


body by laying down connective tissue, so that gradually the substance of the 


cord is affected as a result of alteration in circulation produced by the scar tissue. 


Dr. CHARLES Rupp: As Dr. Larney has shown, the clinical diagnosis of 


these cases is difficult. There is nothing specific about the neurologic picture, and 
evidence of tuberculosis elsewhere in the body is often absent. In some cases, even 
at autopsy, no extraneural tuberculous focus can be seen. Possibly it existed in these 

ises, but if so, it was not detected. I should like to ask Dr. Larney whether the 


spinal fluid findings were of any value in the clinical diagnosis. 


Dr. Francis C. Grant: I shall speak of another type of granuloma of 
the spinal cord. 

When I saw the title of Dr. Larney’s paper, I recalled a similar case in my 
experience. I have a colored photograph of the operative field, showing the ap- 


pearance of such a lesion. The case was that of a boy of 17 years of age, who 


three weeks prior to his admission to the University Hospital had been struck 
from behind by a barrel. He did not think much about it, but four or five days 
later he noticed numbness and within a week had pronounced paralysis and weak- 
ness of the extremities and difficulty of sphincter control. He was finally brought 
to the neurosurgical service, where operation was performed. An abscess of the 
spinal cord was encountered. This boy did not recover after the operation and 
eventually was taken home by his parents. I saw him eighteen months later, when 
he was still completely paralytic. Culture of the purulent material from the abscess 
taken at the time it was exposed revealed nothing, and I suspect that the boy had 

granulomatous abscess. He had no pain. In most cases of such abscesses, in my 
wn experience, onset has been with pain in the lumbar region. It is just another 
ype of granuloma, and I agree with Dr. Larney and Dr. Riggs that the cause 


the paraplegia is pressure on the cord. 


Dr. SAMUEL B. HaApDDEN: I should like to ask whether there was a sudden 


set of the neurologic symptoms in any of these cases. Several years ago, in my 
service at the Philadelphia General Hospital, I had a case, that of a boy, in which 

ptoms of cerebellar disorder developed suddenly. Necropsy showed an old 
tuberculoma in the cerebellum. The sudden development of symptoms presumably 
was the result of a suddenly induced vascular disturbance. Was a similar symptom 
mplex noted in any of these cases? 


Dr. Mary Larney: In 1 case the diagnosis was doubtful. The Wassermann 
reaction of the spinal fluid was negative and that of the blood positive, with a 
history of treatment, and in the literature the consensus is that the Wassermann 
ction of the spinal fluid may or may not be positive. 
; Dr. Grant’s case was interesting, especially since most authors seem to think 
: that when the lesion is single and discovered early surgical removal often gives 
mplete recovery. 
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Neurinoma of the Twelfth Cranial Nerve. Dr. MicHAEL Scott and Dr. HENRY 
T. Wycis. 


Neurinoma of the twelfth cranial nerve is rare. Hass (J. Neuropath. & 
Exper. Neurol. 5:66, 1946), in a review of the literature, found only 4 cases— 
2 of extracranial and 2 of intracranial lesions—and he reported 2 cases of intra- 
cranial neurinoma of his own. 

The authors presented the following case: A white woman aged 50 com- 
plained of headaches, vomiting, staggering, hoarseness, numbness and weakness 
of the right hand over a period of three months. The headaches had been present 
for almost two years. In addition, she observed that when she ate candy, but not 
other sweetened foods, she promptly choked and had to have some one slap her 
on the back. She insisted that this reaction occurred only when the sweet sensa- 
tion reached the back of her throat, and that she did not have it to sour or salty 
foods. She did not remember her reaction to bitter foods. 

The past history was irrelevant. Neurologic examination showed slight blur- 
ring of the margins of the disks; a slight decrease in pain, temperature and light 
touch sensibility over the first division of the right trigeminal nerve; weakness of 
the right side of the soft palate, with absence of the gag reflex of this side, and 
paralysis of the right vocal cord. The right trapezius muscle was slightly atro- 
phied, and the tongue was completely paralyzed on the right side, with marked 
atrophy and fibrillations on this side. Hoffmann and Oppenheim signs were 
present bilaterally. There was no Babinski or Chaddock sign. There was slight 
weakness in the grip of the right hand. Pronounced dysmetria was present on the 
right, with a slight bilateral intention tremor, which was more conspicuous on 
the right. 

The provisional diagnosis was extramedullary tumor compressing the right 
ventrolateral surface of the medulla. 

The laboratory studies revealed nothing abnormal. Routine stereoscopic roent- 
genograms of the skull were reported as normal. 

A high cervical laminectomy and suboccipital craniectomy, done on July 31, 
1945, revealed a tumor the size of a walnut compressing the right side of the 
medulla. It was encapsulated and had multiple nubbins. One extended mesiad, 
against the medulla: another, caudad, partly compressing the vertebral artery, and 
another, cephalad, compressing the posterior surface of the cerebellum. The 
ninth, tenth, eleventh and twelfth cranial nerves were enmeshed in the tumor. 
The lesion was connected by a broad base to the jugular foramen and the hypo- 
glossal canal (anterior condyloid, foramen). The base of the tumor was resected 
and coagulated and the tumor delivered. No bone was removed from the anterior 
condyloid or the jugular foramen. After the removal of the tumor, the proximal 
portions of the ninth, tenth and eleventh cranial nerves were seen, but there was 
no evidence of any part of the twelfth cranial nerve, which apparently had been 
completely enmeshed in the tumor. 

Special right and left posterior oblique views of the skull after operation re- 
vealed a defect measuring 2 cm. in diameter, involving the hypoglossal and the 
jugular foramen on the right side. 

The microscopic diagnosis was neurinoma. 

Examination one and one-half years later showed no change in the preopera- 
tive paralysis of the cranial nerves. The patient has been working regularly and 
has no complaints. 


DISCUSSION 


Dr. Henry Wycis: Dr. Scott and I were led to believe that the tumor arose 
from the twelfth cranial nerve, for two reasons: 1. Symptoms of hoarseness made 
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. their appearance just before admission, whereas the atrophy of the tongue was far 
i advanced at the time of admission and probably indicated long-standing involve- 
4 ment. 2. The ninth, tenth and eleventh cranial nerves could be visualized in the 
s wall of the tumor, whereas at no time could the twelfth cranial nerve be seen. 
Dr. Henry A. SHENKIN: I wonder whether the patient’s vocal cords are 
functioning at present. 


Dr. MicHAEL Scott: The patient can now talk well. Before operation we 
had checked the vocal cords and found that they were paralyzed on the right 
side. They have not been examined since. 

About seven years ago I presented before this society the case of a boy with a 
huge osteoma involving the right side of the base of the skull. Although he had 
4 complete paralysis of all the cranial nerves on the right side, he could talk well 
and could sing the scale perfectly. This case taught me how impossible it is to diag- 

nose paralysis of a vocal cord simply by the sound or the strength of the voice 
I always ask for a laryngeal examination. 


Regular Meeting, March 28, 1947 


Choreoathetotic Syndrome Following Fracture, with Bilateral Selective Soften- 
ing of Globus Pallidus (Probable Fat Embolism). Dr. ALEXANDER SILVER- 
STEIN. 


The following case is of particular interest because the long survival period 
of five months permits the recording of a most unusual clinicopathologic syndrome 
following trauma which is often overlooked and is of particular interest in the 
field of neurology. 


REPORT OF A CASE 


On June 11, 1945, M. E., a 65 year old woman, was brought into Temple 
University Hospital with a history of having been forcibly thrown to the floor 
of a trolley car that had come to a sudden stop. Other than the local findings, and 
roentgen disclosures of fracture, the examination, including laboratory studies, gave 
negative results. 


Course.—Shortly after admission to the hospital, Buck’s extension was applied, 
and the patient appeared to be getting along fairly well until June 17, when the 
nurse observed that on occasions she would act “funny”; that is, she would sud- 
denly sit up in bed and appear bewildered, while at other times she would remain 
unusually quiet. 

On June 18, under light “avertin” (tribromoethanol solution U. S. P.) and 
nitrous oxide anesthesia, the fracture was exposed and a Thornton plate applied. 
The entire operative procedure lasted fifty-five minutes. The patient’s condition 
before, during and after the operation was considered good. The blood pressure 
at the beginning of the operation was 140 systolic and 90 diastolic; at its com- 
pletion it was 160 systolic and 80 diastolic. . 

When the patient was returned to the ward she continued to remain som- 
nolent and later became restless, delirious and incontinent. The temperature was 
elevated to 101 F., the pulse rate was 100 and respirations were 24. The next day 
twitchings and choreiform movements of the muscles in all the extremities became 

) pronounced that restraints were necessary. After two days there developed se- 
ere choreoathetoid, jerking movements of all the extremities. There were frown- 


the tongue. Speech was explosive, dysarthric and almost unintelligible. All 
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ng, pursing of the lips, bizarre facial grimaces and twisting and rolling moveme.its 
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the extremities were in constant motion. The legs were thrown about and the head 
jerked. In addition to the sudden, patternless, choreic movements in the arms 
and legs, there were slow, twisting athetoid movements of the hands and feet. 
Also, for a period of three weeks there was a tendency toward a ballismic pattern 
in the movements. The hyperkinetic manifestations would disappear during sleep 
or after inducing sleep with hyoscine scopolamine hydrobromide. The mental pic- 
ture of confusion, disorientation, hallucinations and loss of memory indicated 
an organic type of psychotic reaction. Except for a short period of fourteen days 
during which there appeared to be an improvement in the mental picture, in 
that the patient was able to answer questions and carry out simple commands, the 
condition remained unchanged until she died six weeks later. 

Pathologic examination made by Dr. B. J. Alpers and associates is reported 
as follows: “Gross Specimen: The meninges are moderately thickened over the 
convexity of the hemispheres. The gyri on the inferior surface of the left temporal 
lobe toward the anterior tip show sufficient atrophy so that the intervening sulcus 
spreads almost to a distance of 1 cm. This atrophy extends for about 5 cm. in 
length. Coronal sections stained with myelin reveal a dilatation of the ventricular 
system and flattening of the ventricular surface of the caudate nucleus. The 
striking feature is a selective, bilateral demyelination of the globus pallidus in both 
medial and lateral segments. In the substantia nigra there is also a similar, bi- 
lateral demyelination running parallel to the pes pedunculli. 

“Microscopically, the areas of demyelination show extensive loss of tissue, 
gitter cell formation and mild gliosis at the edge. The red nuclei show a paucity 
of cells and those present are pale and distorted. Sections through the temporal 
cortex show marked atrophy of the cortex with thinning of the gray matter, 
neuronal loss and a helter-skelter arrangement of the remaining neurons so that 
laminations are not sharply defined. The arterioles are somewhat thickned and 
hyalinized, and there is pseudocalcification of the arteries. 

“With sections stained for fat there are small collections of fatty material in 
some of the arterioles of the cortex; these collections appear chiefly as homogen- 
ous masses in the lumen of the vessels. However, oval-shaped masses are also 
present. Near the area of softening in the pallidum is seen a collection of fat 
about one of the arterioles. Large amounts of fat are also present in the phago- 
cytes as well as in the ganglion cells themselves.” 

The diagnostic report from Dr. Alpers’ laboratory was “cerebral infarction, 
probably fat embolism.” 


Comment.—Although the histopathologic picture in this case cannot be said 
to be typical of fat embolism, lacking as it does the characteristic features as ob- 
served in acute cases, there is sufficient evidence to warrant such a consideration. 
In the first place, fat embolism is relatively common in cases of intertrochanteric 
fractures of the femur occurring in elderly persons. Often the manipulation of the 
fracture under an anesthetic has been known to result in this complication. Sec- 
ondly, in this case there was some evidence that the pathologic process had been 
present in a mild degree prior to the operation as characterized by the temporary 
periods of mental changes, and lastly, the striking feature of the bilateral selective 
softening of the globus pallidus in our case—a change usually found in carbon 
monoxide poisoning—has also been described as a special feature in a case of 
cerebral fat embolism reported by A. Meyer. His patient, a child, died following 
a bomb explosion. Here, too, the question of carbon monoxide poisoning came up 
for discussion, and subsequently was excluded. 

One of the chief objections to the diagnosis of fat embolism in this case is 
the factor of anesthesia, since the patient continued to remain somnolent following 
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the operation. Although this sequence has been stressed as characteristic of the 
postanesthetic syndrome, there are many instances of proved cases of fat embolism 
of the brain wherein the patient never reacted from the anesthetic, and were it not 
for special studies with specific fat stains, the condition could have been labeled 
as postanesthetic fatality. An excellent example of this is reported by Cammer- 
meyer (Acta psychiat. et neurol. 12:33, 1937 

Courville, who has written most extensively on these postanesthetic cerebral 
disturbances, finds it difficult to account for all the recurrent episodes which so 
often appear in patients who survive for an interval of days or weeks following the 
anesthesia. Nor is it possible to explain the progressive mental failure, after an 
interval of apparent recovery, in these cases. 

In the present case, the patient received a “mild ‘avertin’-nitrous oxide anes- 
thesia,” with no cyanosis and no respiratory disturbance. Granting that a mild 
degree of asphyxia was present which escaped the attention of the anesthetist, it 
is most unlikely that this could account for the extensive damage to the brain. 


In order to understand the factor of fat embolism in this case, one must 
accept the mechanism of production of fat embolism by alteration of the chemical 
composition of the blood, in which the normal emulsified fat in the blood is 
changed to globules of embolic fat under certain conditions such as trauma, strong 
alkalis, sickle cell anemia and poisons (carbon monoxide, chloroform, phosphorus 

A discussion of fat embolism will not be attempted at this time. A volum- 
inous literature deals with every phase of the problem from the experimental to 
the medicolegal aspects. 

It is of special interest in the field of neurology because of its role in trauma 
to the head, electroconvulsive therapy, “blast injury’ and neurologic complications 
folowing surgical procedures, labor, as well as minor operative maneuvers 
such as orthopedic manipulation. The medicolegal implications are of particular 
interest since fat embolism may play some role in the post-traumatic syndromes, 
not only in cases of cranial trauma but also in extracranial Mjuries. The clinical 
picture is well established and in the typical case readily diagnosed. The “free 
interval’ (absent in trauma to the head and anesthesia) followed by a sudden onset 
of pyrexia, rapid pulse, dyspnea and various neurologic symptoms and signs (con- 
vulsions, delirium, paralyses, decerebrate rigidity) is a characteristic sequence of 
events. Cutaneous petechiae and embolic changes in the retina have been con- 
sidered of pathognomonic significance when taken into account with the rest 
of the clinical picture. Laboratory tests for lipemia, lipuria, fat in the sputum and 
roentgen examination of the lungs all help to establish a diagnosis. 


DISCUSSION 


Dr. Francis M. Forster: In opening the discussion on the interesting case 
which Dr. Silverstein has just presented, I should like to limit myself to discussing 
two particular points of this problem. The first one deals with the lesions, and I 
am particularly interested in the fact that these were symmetric lesions. I should 
like to point out that essentially they were bilateral lesions involving the medial 
and lateral segments of both globus pallidi and symmetric lesions of the most ven- 
tral portion of both substantiae nigrae. Nonsymmetric lesions also occurred, 
notably the one in the caudate nucleus. The symmetric lesions bring up a trouble- 
some point when one considers the blood supply of these symmetrically involved 
areas. The medial segments of the globus pallidus receive their blood supply 
from the anterior choroidal artery, while the lateral segment, in about one quarter 
of the cases according to L. Alexander (Vascular Supply of Strio-Pallidum, A. Re- 
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search Nerv. & Ment. Dis.,.Proc. [1940] 21:77-132, 1942), is also supplied by the 
anterior choroidal artery, in another quarter by one or more of the striate arterioles 
of the middle cerebral artery, and in the remaining one half of the cases by both 
the anterior choroidal and the middle cerebral striate arterioles. 


This would give a three to one possibility of a double supply for the medial 
and lateral segments and adding up the two sides would involve four arteries. As 
far as the substantia nigra is concerned, the blood supply of this area is received 
from paramedial branches of the arteries of the interpeduncular fossae, and this 
again would add two more vessels. One point which I think is vexing in this 
case is that there must be probably at least six vessels producing such symmetric 
lesions, which makes it a little difficult to visualize embolic phenomena picking 
out so neatly the bilateral vessels. 

There is some variation in the age of the desions. The lesion in the caudate 
nucleus was somewhat older and had less gitter cell formations and more gliosis 
than did the other lesions, which were approximately of equal chronologic age. 
However, I think Dr. Silverstein points out that there may be subsequent showers 
of emboli and that might very well explain age variations. 

As far as symmetric lesions are concerned, Alexander in his paper in the re- 
search publications on basal ganglia described a patient with bilateral symmetric 
lesions of the substantia nigra, and these arose on the basis of endocarditic emboli 
so that there is some evidence in favor of Dr. Silverstein’s premise that these 
lesions are embolic in nature; in Alexander’s case there were not as many lesions 
nor were they as beautifully symmetric. If these lesions are embolic, of course, there 
is always that question which is hurled at the man who presents lesions as em- 
bolic as to how the emboli passed through the lung, and I wonder if Dr. Silver- 
stein would have any notes on that in this particular instance. If those were 
emboli filtrating into these larger branches of the anterior choroidal artery, the 
emboli must have been appreciable in size and it is a little difficult to see how 
they could have passed through the pulmonary capillary bed; so I wish Dr. Silver- 
stein would elucidate this. 

The second point which I would like to discuss, and this time perhaps come 
to Dr. Silverstein’s aid, is the genesis of the symptomatology in an attempt to rec- 
oncile the clinical picture which his patient shows with the lesion shown at autopsy. 
This, as we are all aware, is often a very unsatisfying situation in dealing with 
lesions of the basal ganglia and one need only thumb through the reports of that 
same research meeting on the basal ganglia to find ample moaning about diffi- 
culty of reconciling lesions with clinical symtomatology. There seems, however, 
in this case tonight to be two distinct possibilities. First of all, the lesions I might 
say are those which most of us would expect to produce parkinsonism. Dr. F. N. 
Lewy, however, has stated that after two dozen cases of parkinsonism he was 
sure where the lesions ought to be. After the seventh dozen he was not quite so 
sure any more. But I think that even with some temerity one might say that in 
this particular patient some parkinsonian features might have been expected. How- 
ever, they were not present and the picture described clinically was one of hemi- 
ballismus. We have come to consider hemiballismus as a sign of a lesion of the 
subthalamic body. There is, however, if one looks carefully, only a single case of 
a lesion of the subthalamic body only producing hemiballismus. In most of the 
cases there are lesions of more than the subthalamic body. In a recent report, 
Glees (Brain 69:195, 1946) has worked out the anatomic connections of the 
subthalmic body, and it is rather interesting to note that the afferent fibers are 
from the medial and lateral segments of the globus pallidus and from the sub- 
stantia nigra, and the chief efferent fibers project to the segments of the globus 
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pallidus, with some other connections presumably to the red nucleus. Now if that 
is sO in this case, it would seem as though the subthalamic body was virtually 
isolated by having lost its chief afferent and most of its efferent connections. It is 
hard to see how the small lesion in the caudate nucleus could be invoked to ex- 
plain the choreoathetosis because it was too small a lesion to be an extensive 
interruption of the supressor cortico-caudato-thalamo-cortical circuit, which is 
largely indicated for the lesions in athetosis. 

There is a third possibility for the genesis of the lesions, and that is the 
peculiar psychomotor parakinetic activity originally described by Timme. This 
activity was also present in the case of Alexander’s, that I previously mentioned 
with bilateral lesions of the substantia nigra, in which parkinsonism did nof de- 
velop, but in which immediately after receiving the lesion the patient had a pecu- 
liar psychomoter activity with extreme uncontrolled movements, which have ac- 
quired the name of psychomotor parakinetic movements. 


Dr. N. W. WinKELMAN: This is an interesting case from many angles. The 
anatomic angle has already been covered by Dr. Forster. From the clinical side, 
there are also some interesting features, and Dr. Silverstein has mentioned one of 
them which he skipped over hastily and which deserves, I believe, a little further 
consideration. This is the question of the influence of anesthesia: It is well 
known that anesthesia alone can without trauma send a shower of fat globules 
into the brain. It has been found that if a patient is anesthetized after a fatty 
meal, there is a greater danger of provoking fat embolism than if the patient is 
starved prior to operation. That is, theoretically, at least, one of the reasons for 
“preparing” a patient for operation. At one time it was thought that the giving 
of chloroform might even prevent fat embolism. As a matter of fact, experimentally 
it produced rather than prevented it. The giving of an anesthetic in this case is, 
therefore, not against the diagnosis of fat embolism. 

There are certain things in the clinical study that might have been taken 
into account. Knowing as I do, Dr. Silverstein’s interest in fat embolism, I wonder 
if during the lifetime of the patient he was privileged to make further studies of 
that patient, performing the test for fat in the saliva (Warthin’s sign), which is 
supposedly diagnostic, and the test for fat in the urine (lipuria 

One of the factors against the diagnosis of fat embolism is the long duration 
of the illness. Most patients with fat embolism die fairly quickly. The symptoms 
come on quickly. There may be a free interval, and then a rapid and progressive 
and irreversible course to death. That whole picture has been divided into three 


different components: renal, pulmonary and cerebral. The three pictures may be 


combined into one. 

There was fat in the blood vessels, but in small amounts. I had the oppor- 
tunity of studying the section through Dr. Silverstein’s courtesy. I would take 
issue with Dr. Silverstein on one point, and that is about the examination of the 
other organs of the body in cases of suspected fat embolism. In a series of un- 
selected postmortem studies, in which fat embolism did not come into considera- 
tion, one investigator found over 50 per cent of the lungs of his patients had fat 
in the blood vessels, irrespective of the terminal disease. The conclusion has been 
reached that the presence of fat in the vessels of the lungs themselves—and that is 
one of the safety valves apparently—is not diagnostic of fat embolism. Fat in the 
blood vessels of the brain, however, is a different story. We do not ordinarily 
meet with fat in any great amount in the blood vessels of the brain. 

It is plausible that in this woman the fat ‘was slowly and definitely excreted 
by the kidney and by the lung, perhaps in the saliva, so that there was only a 
small amount of fat left after a period of five months. 
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The bilateral softenings were stressed by Dr. Silverstein. The pathologic 
picture as seen here I think would have been diagnosed carbon monoxide poison- 
ing without the benefit of the history. It is extremely interesting that he has un- 
covered a similar case in the literature. 


Dr. Greorce D. Gammon: I should like to ask Dr. Forster one question. I 
understood him to say that the connection between area 4S and the caudate 
nucleus might be accountable for the symptoms here. I was not aware that there 
was any anatomic pathway between 4S and the caudate nucleus. If there is, did 
you see any degeneration in that pathway, and will you tell us what it is? 


*Dr. Francis M. Forster: I think I can answer that by saying that I said I 
did not think the symptoms could be attributed to a lesion of the area 4S-caudate 
nucleus- thalamocortical circuit in this case. I am sure we are all well aware of 
the discovery of this circuit by Dusser deBarrene and McCullough. Area 4S exists 
in man and has been shown by Bucy and Garol to be a real suppressor area. The 
anatomic pathways of the circuit are not completely known, but perhaps the 
physiologist is a jump ahead of the morphologist this time. I want to make clear, 
Dr. Gammon, that I said that in this case I did not believe that this circuit was 
involved because the lesion of the caudate nucleus was a very small one. 


Dr. ALEXANDER SILVERSTEIN: My first case of cerebral fat embolism pre- 
sented a characteristic clinical and pathologic picture and yet remained undi- 
agnosed for a long time until Dr. E. Spiegel carried out special studies and proved 
the diagnosis. Clinically, the case was a mystery to the various consultants, and 
even after careful histopathologic studies (without the use of fat stains) the true 
condition was unsuspected and such diagnoses as cerebritis, endarteritis, hemor- 
rhagic encephalitis and cerebral purpura were made to explain the clinical finding. 


Dr. Forster finds it difficult to interpret the symmetric pattern of the lesions 
in the basal ganglia on the basis of arterial distribution. I am unable to shed any 
light on this except to state that other factors such as venous occlusion and atypi- 
cal vascular patterns may play a role. Be that as it may, this peculiar selective 
softening in the globus pallidus in cerebral fat embolism of the brain is not an 
isolated instance, as was reported recently by Meyer in a child who died following 
a bomb explosion (Proc. Roy. Soc. Med. 34:651, 1941). 


Dr. Forster asked the question as to how the fat gains entrance into the 
systemic circulation. This phase of the problem has been extensively treated in 
the literature. In addition to the usual mechanism of the absorption of free fat 
at the site of a fracture into the venous circulation, right side of the heart, pul- 
monary vessels, and through the small capillaries, into the systemic circulation, 
there is interesting experimental work to prove that the blood plasma itself under 
certain conditions may be the source of fat. That is, the absorption of free fat and 
the products of protein decomposition into the blood stream may result in physio- 
chemical alteration of the normal emulsified fat into globules of fat sufficient 
to produce anoxemic foci. It would seem that this mechanism would help to 
explain the severe and fatal cases of fat embolism which result from relatively 
minor injuries as well as those cases of nontraumatic origin. 


Dr. Winkelman was kind enough to elaborate on the various features of fat 
embolism which I did not do, chiefly because of lack of time. His question as to 
why special studies for fat were not carried out in my case can be answered 
simply by stating that the complication of fat embolism was not considered in the 
clinical picture until more than three weeks after onset, as which time it was 
too late to conduct such studies. 
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Dr. Winkelman’s statement that the long survival period in this case is a point 
against the diagnosis of fat embolism is well taken, since it is true there is no re- 
port in the literature of a similar case. However, I do not see why a disease which 
causes such a serious pathologic process in the brain cannot also produce various 
forms of clinical pictures depending on the severity of the lesions in the brain. 

My emphasis on the importance of the examination of the various viscera in 
cases of fat embolism is not my own curious idea but rather a fact emphasized by 
various observers. That is, the typical pathologic lesions in the brain may be pres- 
ent and yet the fat globules in the vessels of the brain may be absent. Instead, 
the fat may be concentrated in one of the viscera, such as the kidneys, lungs and 
liver. 

I wish to express my thanks to Drs. Forster, Winkelman and Spiegel for their 
discussion as well as their great help in the study of this case. 


STUDIES IN CEREBRAL CONCUSSION 


A, Changes of Convulsive Reactivity. Dr. M. Marks (by invitation). 


A study was made of the effect of concussion on the convulsive reactivity and 
associated disturbances to ascertain some of the mechanisms on which changes of 
convulsive reactivity depend. Immediately following a concussive blow, convul- 
sions produced by the injection of “metrazol” in rats ceased for thirty to sixty 
seconds. After a pause, single contractions or groups of contractions appeared and 
the frequency of the convulsions was reduced in the first few minutes following 
the blow. 


To measure the convulsive reactivity for more prolonged periods following 
the trauma, electrical stimulation with the skull intact was utilized. In the majority 
of the animals (rats and cats) the concussion was followed by an increase of 
threshold; in some cases this was demonstrable in a few minutes, in others not 
until the passage of several hours. In many cases the increase of threshold lasted 
several weeks, at a time when the general behavior and reflexes seemed normal. 
Chere was no strict parallelism between the intensity of concussion and the changes 
of convulsive reactivity. In a small part of the animals with concussion there was 
a decrease of the convulsive threshold. It has been impossible to explain these 
changes by studies of cerebral metabolism, e.g., of oxygen uptake. Electrical de- 
terminations of cellular membrane density (polarization index, Spiegel, Henny, 
Wycis and Spiegel-Adolf), however, yielded interesting results. There was a de- 
crease of membrane density of more than 20 per cent associated with concussion, 
isually most marked within thirty to sixty minutes, after which time there was a 
slow rise in the value: however, four hours after the blow a definite decrease was 
still present. This change could not be produced in dead animals, and in control 
experiments it was shown not to be related to transient disturbances of cerebral 
xygen supply associated with the postconcussive apnea. 

The possibility was considered that acetylcholine released from injured cells 
vas responsible for the changes of convulsive reactivity. However, since “metra- 

I’ convulsions ceased following a blow to the head in atropinized rats just as in 
the animals which had not received atropine, it seems probable that the release 
‘{ acetylcholine is not responsible for the depression of convulsive excitability. If 
the changes of convulsive reactivity were due to impairment of cellular surfaces 
ilone, one should expect, in view of the decrease of density observed, that over- 
excitability would occur more frequently than we found. Furthermore, the in- 
reased convulsive threshold lasts much longer than the transitory disturbances of 
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cell membranes. We must look, therefore, for other, intracellular, factors to explain 
the changes in excitability. The existence of such factors (particularly interference 
with nucleic acid compounds) is indicated by one of the subsequent papers pre- 
sented in this symposium. 


B. The Mechanical Role of the Cerebrospinal Fluid in Cerebral Concussion. 
Dr. Henry T. Wycis. 


Because of certain conflicting views regarding the alleged role of the cerebro- 
spinal fluid in trauma of the head, the author carried out a series of experiments 
on 9 dogs in which the threshold value of the concussive blow and the severity of 
cerebral concussion were compared before and after encephalography. The experi- 
ments showed that following withdrawal of cerebrospinal fluid and subsequent 
injection of air not only could concussion be produced with blows of less energy 
but also the severity of the concussion was increased. Two control dogs subjected to 
the same conditions, except that encephalography was omitted, failed to show 
any significant changes. The possibility could not be denied that with an intact 
cerebrospinal fluid system, the pressure of the fluid in the ventricular system is 
increased during concussion, thus causing injurious effects to the ventricular walls 
(Duret). However, these experiments seem to indicate that after replacement of 
cerebrospinal fluid by air the loss of the cushioning effect of the cerebrospinal 
fluid is more important than the absence of the injurious effect of increased intra- 
ventricular pressure. Therefore, there seems reason to assume that the cerebro- 
spinal fluid in the subarachnoid space exerts a certain protective effect on the 
brain in trauma to the head. 


C. Physicochemical Studies of the Cerebrospinal Fluid. Dr. M. Sprecet- 
(by invitation). 


Ultraspectrophotometric measurements were made on 45 cerebrospinal fluids 
from patients who had sustained a cerebral concussion. The absorption in terms of 
extinction coefficients (E) was determined over a range of 3,100 to 2,200 ang- 
stroms. The cerebrospinal fluids of neurologically normal patients who had not 
received barbiturates, blood transfusions or roentgen radiation showed S-shaped 
absorption graphs or only slight selective absorption. At 2,650 angstroms the 
mean value of the extinction coefficient is 1.24 + 0.59 (m;,). All, cerebrospinal 
fluids of the patients in whom the interval between accident and lumbar 
puncture was below two months showed selective absorption with a maxi- 
mum at about 2,650 angstroms. The mean of the extinction coefficient values 
was 2.47 + 0.73 (m,). The differences between m, and m, are statistically 
significant. In patients on whom lumbar puncture was repeatedly performed after 
the accident, selective absorption usually appeared after two hours, reached its 
maximum after four days and slowly decreased during the next weeks. It could 
be ascertained that neither proteins nor lipids are the cause of the selective absorp- 
tion of the pathologic cerebrospinal fluids, which most probably is due to the 
presence of normally occurring ascorbic acid and of nucleic acids and/or their 
cleavage products containing purine and pyrimidine groups. The presence of the 
latter substances in the cerebrospinal fluids of patients with concussion may be 
correlated with experimental findings of Windle, Groat and Fox (chromatolysis 
following cerebral concussion). Since, according to Casperssen, Gersh and Bodian, 
the tigroid bodies contain nucleic acids, it may be inferred that the nucleic acids 
of the cerebrospinal fluid originate in the nerve cells and indicate chromatolysis. 
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Finally, evidence has been given that cerebrospinal fluids of patients with con- 
cussion contain enzyme-like substances which not only destroy the selective 


absorption of their own medium but also of added solutions of animal and plant 


nucleic acids, while normal spinal fluids are practically inactive. Enzymatic sub- 
stances could also be found able to produce chromatolytic changes on anterior 
horn cells of cats’ spinal cords in vitro. It seems, therefore, that contrary to the 


results of routine examination, both the spectrophotometric and enzyme studies 
demonstrate definite changes in the cerebrospinal fluids of patients after cerebral 
concussion. The importance of these findings for differential diagnostic purposes 


and medicolegal problems is obvious. 


D. Physiopathologic Mechanisms with Special Reference to Midbrain 
and Hypothalamus. A. J. Lez, A.B. (by invitation) and Dr. E. Sprecev. 


A number of physiologic changes induced by cerebral concussion such as 
disturbance of consciousness, changes of body temperature and hyperglycemia 


suggest impairment of the hypothalamus, while loss of labyrinthine and body right- 
ing reflexes (Spiegel, E. A., and Spiegel-Adolf, M.: Federation Proc. 5-98, 1946) 
point to involvement of the tegmentum mesencephali. In order to ascertain 
whether these regions are affected in cerebral concussion, their electric discharges 
were recorded by means of needles implanted by the aid of a stereotaxic apparatus 
in the base of the skull. For a study of the electrical activity of the cerebral and 
cerebellar cortex, phonograph needles were inserted in the skull. Acceleration 
concussion was produced by blows applied to the head of the freely swinging 
animals (cats). Following concussive blows, the changes of the electrical activity of 
the hypothalamus, midbrain tegmentum and cerebellum (reduction of the 
amplitude or abolition of all electrical activity, appearance of slow waves, of 
groups of high amplitude waves) were quite similar to the electrical disturbances 
recorded from the cerebral cortex. In some cases the impairment of function as. 
indicated by the electrogram was more marked in subcortical areas than in the 
cerebral cortex. Histopathologic studies revealed, in some instances, proliferation. 
of the fiber glia around the third ventricle in the chronic stage after the cerebral 
trauma and subependymal edema around the aqueduct in the acute stage. 

(This research was aided by a grant from the John and Mary H. Markle 
Foundation. ) 


DISCUSSION 


Dr. JosepH C. YAskin: I am not going to discuss this at length for one 
good reason. I think Dr. Spiegel and some of the others know it. I do not believe 
I have the capacity to grasp the magnitude of this work in one hour, and it took 
exactly fifty-five minutes for all these papers to be read and presentations to be 
delivered. I do not think Dr. Spiegel expects anybody to comprehend this work 
on so brief a presentation. 

However, there are some features that impressed themselves on me. If I 
had arranged this program I think I should have started with Dr. Spiegel’s pres- 
entation. It is a little bit more concrete and more readily understood by us. 

The presentations by Dr. Spiegel and by Dr. Marks give us some objective 
data on the pathophysiology of concussion which we heretofore never had. It is 
another step to the understanding of this troublesome problem. 

Then the work by Dr. Spiegel-Adolf is also extremely important because it 
gives us a new light into the chemical changes heretofore completely missing. A 
spinal fluid estimation at any hospital simply tells us there is no blood, no in- 
crease in protein and cells, and that the results of all the other studies are nega- 
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tive from an organic standpoint. At times the history in the case is not clear and 
the diagnosis is often questioned. Nevertheless, patients with genuine cases of 
concussion have headache and dizziness, and exhibit irritability, etc., from weeks 
to months after the concussion, and therefore the studies suggested by Dr. Spiegel- 
Adolf may help in making a more accurate diagnosis. 

I was not quite so clear on the work of Dr. Marks, and I am sure it is not 
his fault. I think I should study this in great detail before I can talk about it. 

And, lastly, the work of Dr. Wycis was of great interest in that it touches 
on a great many old spots that need repetition for those of us who are busy exam- 
ining patients all the time and are too long and too far away from the laboratory. 

Dr. Rosert A. Grorr: I should like to ask one question concerning Dr. 
Wycis’ work. How long after the encephalogram was done was the animal sub- 
jected to the injury? If the injury was inflicted within several hours after the 
injection of air, one must take into consideration the factor of shock induced by 
the insufflation of air. 

Dr. Spiegel’s presentation casts a new light on the definition of cerebral con- 
cussion. My conception was that it was a temporary cessation of cell action, and 
this was reversible. Does Dr. Spiegel want to comment on this impression in the 
light of his findings? 

Dr. Henry T. Wycis: Regarding Dr. Groff’s question, we did consider that 
it was necessary to allow these animals to recover from the shock of the encephalo- 
graphic procedure before they were subjected to concussion a second time. There- 
fore we waited a period of twenty-four to forty-eight hours following withdrawal 
of fluid, at a time when the animals were up and about and had recovered from 
the shock of the procedure. 

Dr. E. SpreceLt: I want to thank the discussants for their kind remarks. Dr. 
Groff brought up a very important question regarding the concept of cerebral 
concussion. I do not want to change the basic concept of a transitory cessation 
of cerebral function, but we have to bear in mind that there may develop, at least 
in some instances, rather prolonged postconcussional symptoms. The periventricu- 
lar changes we described in the diencephalon may perhaps indicate one of the 
pathologic mechanisms responsible for these subacute or chronic postconcussional 
symptoms. The primary goal of the papers we presented this evening was, how- 
ever, to ascertain by physical and physicochemical methods the nature of the 
changes induced in the central nervous system in cerebral concussion. Unfor- 
tunately, the old concept of “molecular” changes still survives in the recent litera- 
ture, even in Denny-Brown’s papers on this subject. My old teacher, Obersteiner, 
emphasized as early as in the beginning of this century that the concept of molec- 
ular changes should be replaced by chemical and particularly colloidochemical 


data. To supply such data is the main purpose of the work in which our group 
is engaged. 


CHICAGO NEUROLOGICAL SOCIETY 
Joseph A. Luhan, M.D., Vice President, Presiding 
Regular Meeting, April 8, 1947 


Hemiballismus: Report of Two Cases. Dr. Josepn A. LuHAN. 


Case 1.—W. T., a Negro aged 87, showed purposeless, flinging, throwing 
and thrashing movements of the left extremities, of four days’ duration. These 
ceased during sleep. He complained of pain in the bruised and excoriated extremi- 
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ties and said that he was very tired. Examination showed no pathologic reflexes; 
the abdominal responses were preserved. The blood pressure was 162 systolic and 
84 diastolic. Three days after admission he became confused, then delirious, and 
died the next day (eight days after onset), of bronchopneumonia. 

The brain showed moderate cerebral arteriosclerosis and discrete, almond- 
shaped hemorrhage, 4 by 11 mm., occupying the general region of the right sub- 
thalamic body. Sections stained by the Weil method showed the extent of the 
hemorrhage. (4 slides) 


Case 2.—J. H., a white man aged 73, complained on admission of uncontroll- 
able, violent thrashing movements of the left arm and leg, of one day’s duration; 
the movements came on suddenly, appearing first in the leg. He knew that his 
blood pressure had been high for three years. On his admission it was’ 180 sys- 
tolic and 110 diastolic. Examination showed continuous, violent jerking movements 
of the left arm and leg. The deep reflexes were difficult to elicit on the left side; 
the plantar responses were normal; the abdominal reflexes were absent. The 
movements ceased or diminished during sound sleep, became increased on at- 
tempts at voluntary movements and were uninfluenced by scopolamine or barbitu- 
rates in less than narcotic doses. The left extremities became bruised and ex- 
coriated in spite of protective padding. 

Five days after his admission fever appeared, then parotitis and, finally, 
coarse rales in the lungs; he died about ten days after onset of the hemiballismus. 

In addition to considerable atherosclerotic change, the brain revealed a dis- 
crete, almond-shaped hemorrhage, measuring 3 by 11 mm., at its maximum de- 
velopment in coronal section in the general region of the right subthalamic nu- 
cleus. The caudalmost extremity of the hemorrhage, measuring 1 by 2 mm., was 
seen at the coronal level of the external geniculate body, in the tegmental por- 
tion of the mesencephalon. (Slides) Probably in no other location can a cerebral 
lesion so small and so discrete produce a clinical neurologic disturbance of com- 
parable violence. 

Dr. Bucy has theorized that the suppressor circuit which is interupted, 
causing hemiballismus, runs from area 4-S into the caudate nucleus, the globus 
pallidus and the body of Luys, the return connections with the thalamus and the 
precentral region being unknown. 


Postherpetic Argyll Robertson Pupil. Dr. JosepH A. LuHAN. 


T. B., a Negro woman aged 41, has multiple sclerosis. Thirteen years prior to 
this report she became paralyzed from the waist down; after a month or so she 
was able to walk again. Nine years before admission she had Bell’s palsy, pre- 
sumably of rheumatic origin, on the right side. Since then she has had exacer- 
bations and remissions of weakness and numbness in the lower extremities. A 
laminectomy (from the fifth to the eighth thoracic vertebra) was performed at 
another neurologic facility in 1938. She has spastic paraparesis, with sphincteric 
weakness and neurogenic bladder. In 1944 she had herpes zoster ophthalmicus on 
the left side. Two years ago she was given an injection of alcohol into the left 
supraorbital nerve. The left pupil is small and fixed to light and contracts in 
accommodation; scars of ophthalmic zoster are present. 


Lead Encephaloamyotrophy. Dr. A. J. Arierr and Dr. M. A. SCHILLER. 


R. I., aged 45, a house painter, was admitted to Cook County Hospital on 
Dec. 24, 1945, because he was paralyzed and mentally confused. He had been 
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well until September 1936, when there developed jacksonian attacks, involving the 
left upper and lower extremities, without loss of consciousness. The attacks oc- 
curred once every two or three weeks and by April 1936 had increased in fre- 
quency to once a week. There was no aura, and the attacks lasted only a few 
seconds, without incontinence. In January 1936, one attack was said to have 
lasted five minutes, during which he lost consciousness. Preceding this attack 
he felt “‘as though his heart was coming out.” At the time of onset he also had 
dull, aching pain in the left arm, occurring from two to three times daily to two 
to three times weekly and lasting from a few minutes to several hours. 


The family history was essentially noncontributory. 


In April 1936 he was seen by a neurosurgeon, who found the left palpebral 
fissure larger, the right platysma muscle stronger and the abdominal reflexes 
more sluggish on the left. The deep reflexes were equal on the two sides, and 
there were no pathologic reflexes. A roentgenogram of the skull was normal. The 
tentative diagnosis was intracranial tumor. On April 15, 1936, an osteoplastic flap 
was turned down on the right side, and arachnoiditis was observed. 


The convulsions ceased, and the patient returned to his occpuation as house 
painter, in which he continued three years longer; he then left this work be- 
cause he began to fear falling. In 1942 he had onset of attacks, characterized by 
paralysis lasting from several seconds to one or two minues, with spasticity of the 
extremities; these attacks occurred every three to six months for two years. He 
was then free of spells for eight months. In October 1945 he became slow in his 
movements and dragged both feet. Six weeks prior to admission, on attempting 
to arise from a chair, he fell, without loss of consciousness, and became paralyzed, 
completely bedridden and incontinent. Mentally, he changed from a cheerful, 
talkative person to a quiet, inattentive, depressed man, and before admission he 
was confused and out of contact. 


Physical examination in December 1945 showed nothing of significance. A 
surgical scar was present over the right temporofrontal region, and a large 
decubitus sore, over the sacrum. No lead line was noted on the gums. 


Neurologic examination showed pronounced atrophy of the legs and thighs, 
involving mainly the quadriceps muscle, and moderate atrophy of both upper 
extremities, including the interosseous muscles. The hand grip was feeble, es- 
pecially on the left. There was pronounced bilateral paresis of the lower extremi- 
ties with contracture of both feet in plantar flexion. The knee and ankle jerks 
were better on the left side than on the right; no pathologic reflexes were found. 
There were rhythmic movement of the toes, foot, thigh and hand on the left 
side and anesthesia along the dorsum of the right foot in the distribution of the 
peroneal nerve. The deep reflexes of the upper extremity were somewhat better 
on the right side than on the left. In spite of the paresis, there was spasticity of 
the lower extremities, more intense on the left. The right side of the face con- 
tracted better than the left; the tongue protruded in the midline, and its tip was 
smooth. The pupils were round and equal and reacted normally to light. There was 
a 4 D. elevation on both disks, with small hemorrhages about them. 


Mentally, the patient was out of contact, apathetic and inattentive. Examina- 
tion of the spinal fluid revealed that it was normal, with a pressure of 330 to 360 
mm. of water, and there was no block. The Wassermann and Kahn tests gave nega- 
tive reactions; the total protein was 40 mg. per hundred cubic centimeters. Al- 
though the skin was ashen gray, there was no anemia or basophilic stippling of 
the red blood cells. The urine was normal. Roentgenograms of the bones re- 
vealed nothing unusual. The visual fields were normal. 
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The toxicologist’s report showed 0.035 mg. of lead per liter in the urine and 
0.069 mg. of lead per hundred cubic centimeters in the blood. The electroen- 
cephalogram showed strong 11 to 12 per second activity, no seizure discharge or 
build-up with hyperventilation and moderate asymmetry, with the whole left hem- 
isphere showing less amplitude. While in the hospital, on June 10, 1946, the 
patient had a mild convulsion and was placed under treatment with phenobarbi- 
tal, 1 grain (0.065 Gm.) three times a day. On Dec. 13, 1946, reexamination of 
the urine for lead revealed 0.10 mg. per liter, a definitely abnormal amount. 


Examination at this time showed weakness of all extremities, particularly on 
the left, the hand grip and extensor muscles of the foot being especially involved. 
The deep reflexes were all brisk and equal on the two sides; ankle clonus was 
present bilaterally. There were no pathologic reflexes except for a Hoffmann sign 
bilaterally The cremasteric reflexes were diminished bilaterally; the lower ab- 
dominal reflexes were absent on both sides, as were the reflexes in the right upper 
and lower extremities; no sensory disturbance was present. The left palpebral fis- 
sure was slightly wider than the right; internal strabismus was present on the 
right, but the extraocular movements were normal. The pupils were equal and re- 
acted well to light and in accommodation. The facial movements were slightly bet- 
ter on the left than on the right, and the tongue protruded in the midline; the 
palate was normal. Papilledema was still present on both sides, being greater on 
the left. There was atrophy of the extremities, especially of the interosseus mus- 
cles bilaterally, the right gastrocnemius muscle, the extensors of both legs and 
the adductors of the left thigh. There was a slow, coarse tremor of the out- 
stretched hands. 


This case was one of lead poisoning involving the brain, spinal cord and 
peripheral nerves, with toxic amounts of lead in the urine, but without the usual 
signs of the lead line, basophilic stippling of red cells or lead colic. 


Dural Abcess. Dr..A. J. ArntEFF and Dr. A. Brown. 


A white woman aged 60 was admitted to Cook County Hospital on May 
15, 1946, with the complaint of severe pain in the back and in the right shoulder 
and oliguria. The pain started one week before her admission as a dull ache 
in the middle of the back, localized over the renal area and radiating down the 
back to the labia and thighs, and occasionally to the right shoulder. 


Her past history, as obtained from Michael Reese Hospital, showed that she 
was admitted there in August 1932, with pain in the back, radiating to both 
thighs, of three weeks’ duration. Three weeks before admission she had had an in- 
fected great toe on the right foot, followed by lymphangitis; the infected foot re- 
sponded to treatment. The left knee jerk was not elicited, and in a few days the 
right also disappeared. There was retention of urine, and pus was found. Twelve 
days after admission a spinal puncture revealed pus, a culture of which showed 
Staphylococcus albus; a furuncle developed at the site of the puncture. Lami- 
nectomy of the eleventh and twelfth thoracic and the first lumbar vertebrae dis- 
closed a localized abscess on the roots of the cauda equina. 

Physical examination at the time of her admission to Cook County Hospital 
revealed an essentially normal condition. On the third day transverse myelitis 
developed in the lumbar area, which went on to ascending myelitis, until the level 
reached the fourth thoracic segment. Repeated spinal taps yielded nothing of 
significance until the forty-fifth day, when, at the level of the twelfth thoracic 
vertebra, a tap produced frank yellow pus, from which Staph. albus was ob- 
tained on culture. During her stay in the hospital, she received a course of sul- 
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fadiazine treatments, and at the time of her death, on the fifty-second day, she 
was receiving penicillin. 


Arsenical Polyneuritis. Dr. H. Garner. 


A white man aged 40 was admitted to Cook County Hospital on March 7, 
1947, with the complaint of numbness, tingling, weakness and “hot sensations” 
in the hands and legs, of four weeks’ duration. Six weeks before admission he had 
taken 5 capsules of rat poison (56 per cent arsenic, 20 per cent barium carbonate). 
Almost immediately he became nauseated and vomited. Gastric symptoms con- 
tinued for about four days before he sought medical attention. Within a week the 
skin of his face peeled, followed by exfoliative dermatitis of the entire body, with 
intense pruritis. 

Physical examination revealed nothing significant; the liver was palpable 1 
fingerbreadth below the right costal margin and was tender; the nails were 
brittle, and horizontal white lines were visible below the base of the nail. Neurolo- 
gic examination revealed that the cranial nerves were normal. Examination of the 
peripheral nerves showed pronounced motor atrophy of the upper and lower ex- 
termities; tonus was decreased; extreme weakness was present in all extremities, 
being most noticeable at the periphery; the muscles were very tender, and fibrillary 
twitching was present in the deltoid area and in the muscles of the forearm. 
Sensory, postural and vibratory sensations were absent in the upper and lower 
extremities. Pain, touch and temperature sensations were spotty in all extremi- 
ties, some areas being hypersthetic, while the neighboring area was hypersthenic. 
All deep reflexes in the extremities were absent. Abdominal and cremasteric reflexes 
were present; no plantar response could be obtained. 


Results of laboratory tests, including spinal fluid studies, blood counts, sero- 
logic tests and urinalysis, were within normal limits. Repeated examinations of the 
urine, the hair and the nails for arsenic gave negative results. 

For three successive days 200 mg. of BAL (2, 3-dimercaptopropanol) was 
given intramuscularly. No secretion of arsenic followed its administration. 

The case is presented because of the relative infrequency of arsenical 
polyneuritis. The use of BAL is mentioned to call attention to the fact that when 


arsenic has become firmly fixed in the tissues it cannot be displaced through its 
administration. 


Recurrent Subarachnoid Hemorrhages. Dr. Ernst Haase. 


A white girl aged 24 was brought to Cook County Hospital on Jan. 30, 1947, 
after a sudden collapse, in a stuporous condition. Neurologic examination revealed 
nothing abnormal except for intense rigidity of the neck and back; the spinal fluid 
was bloody and under an initial pressure of 180 mm. There was no history of head- 
ache or vomiting or evidence of internal abnormalities. The blood pressure was 
100 systolic and 80 diastolic. A diagnosis of subarachnoid bleeding due to con- 
genital aneurysm was made. 

On February 3 the spinal fluid was still bloody; on February 13 it was xan- 
thochromic, with a pressure of 110 mm. Gradual clinical improvement followed. 

On February 20 the patient got out of bed to smoke a cigaret and collapsed 
again. There were severe occipital headaches, rigidity of the neck, a Rossolimo 
sign on the left and diminished patellar reflexes. The spinal fluid was bloody, with 
a pressure of 193 mm. Again, gradual improvement took place, but after ten 
days she experienced a sudden, excruciating pain in the neck and right frontal 
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headache. She was restless and fell into a stupor. The patellar and achilles re- 
flexes were absent; the left nasolabial fold appeared flattened, and the neck and 
back were very stiff. She remained in a lethargic state, was confused and seemed 
to be in great pain. On March 9 the temperature rose to 101 F. 


Ligation of the right internal carotid artery was perfromed by Dr. Harold 
C. Voris. The operation was followed by uneventful recovery. At the time of this 
report, five weeks after the operation, the patient has only slight rigidty of the 
neck; the facial palsy has disappeared. The patellar and achilles reflexes have not 
returned. 


Myotonic Dystrophy. Dr. I. C. SHERMAN and Dr. Ex Ticay. 


A white man aged 44 gave the following history: About five years prior to 
his admission he noticed weakness of his arms; to date, this has become progres- 
sively worse. Soon thereafter he noted weakness in the legs and could not stand 
long. The legs were stiff when he arose in the morning, and on his walking about 
they loosened up. There were no pains, paresthesia or sphincter disturbances. 
He had had “eye trouble” since 1940. His family and occupational histories were 
without significance so far as his present condition was concerned. He stated he 
has been impotent for the last two years. 

Neurologic examination showed a negative Romberg sign; bilateral foot 
drop, stronger on the left, and inability to stand on either the toes or the heels. 
The pupils were unequal, the right being larger than the left; both responded 
sluggishly to light and in accommodation. The other cranial nerves were intact. 
All the deep reflexes were diminished; superficial reflexes were present and equal 
on the two sides; no pathologic reflexes were elicited. Sensation was normal. 


There were pronounced weakness in plantar flexion of the foot and toes, es- 
pecially on the left, weakness of the shoulder girdle bilaterally, weakness of the 
hand grips and in pronation and supination of the forearms and muscular atrophy. 
The anteflexors of the head were weak. The sternocleidomastoid muscles were 
atrophied and were not seen to contract. The orbicularis oculi muscle was weak. 
The face was smooth, with little wrinkling. Both the masseter and the temporal 
muscles seemed to be slightly atrophied. A myotonic reaction was noted after 
squeezing of the hands. No fasciculation was noted. 


There was loss of hair over the trunk, extremities and axillas. Distribution 
of hair over the pubis was of feminine type. The testes were atrophied bilaterally. 
The fingers were tapering, and the skin was glossy. Both eyes showed cataracts. 
siopsy of muscle revealed changes indicative of muscular dystrophy. 


Crossed Cerebral Lesions: Left Hemiparesis and Right Honomymous Hemi- 
anopsia. Dr. SAMUEL A. VICTOR. 


A white man aged 47, a bartender, complained of having “bumped into” ob- 
jects to the right since June 1946, inability to use the left upper extremity since 
March 4, 1947 and weakness of the left lower extremity since March 7, 1947. The 
patient stated that in May 1946 he became confused on orders for drinks and for- 
got people’s names. He had episodes of blurring vision for fifteen to twenty min- 
utes. A ventriculogram made in June 1946 failed to reveal any change. The 
weakness in the left upper extremity and the left side of the face progressed to 
complete loss of power, followed by weakness in the left lower extremity. 

On physical examination the patient was cooperative and easily accessible. 
(he liver was palpable 1 inch (2.5 cm.) below the right costal border. 
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He was right handed. Examination of the eyes revealed right homonymous hemi- 
anopsia, normal fundi and horizontal nystagmus on right lateral gaze. The 
pharyngeal reflex was absent. There was left hemiparesis (flaccid type) with 
paralysis of the left side of the face, of central origin. 


Laboratory Examination.—The red blood cell count was 5,080,000 and the 
white cell conut, 11,400; serologic reactions of the blood and spinal fluid was 
negative. The spinal fluid was under an initial pressure of 220 mm. of water, with 
a cell count of 4 per cubic millimeter and a negative Pandy reaction. A roent- 
genogram of the chest was normal. The electroencephalogram showed a focus 
of slow waves in the right frontotemporal area. A ventriculogram revealed an area 
of irregular density in the region of the third ventricle and depression and de- 
formity of the anterior and temporal horns on the right side, with suggested 
midline density and corroborative evidence of spreading pressure in the left lateral 
ventricle. The findings were compatible with the diagnosis of a mass in the re- 
gion of the third ventricle. 

The impression here is of involvement of both cerebral hemispheres by a pri- 
mary space-occupying lesion of the frontotemporal area on the right, with exten- 
sion to the left side by continuity or pressure. Mutiple vascular occlusions (throm- 
boses) should also be considered. 


Thrombosis of the Anterior Spinal Artery. Dr. Irvinc C. SHERMAN. 


A white man aged 64 was in good health until Jan. 3, 1947, when he noted 
pain in his back and aching in his legs. The following morning his legs were 
too weak to support him. Within a few hours the righ lower extremity became 
completely paralyzed, and the left lower extremity was feeble. Subsequently, he 
was unable to control the bowel and bladder for a few days. He was hospitalized 
elsewhere from January 7 until March 28, when he was admitted to Cook County 
Hospital. The past and family histories were noncontributory. 

On admission, he displayed spastic paraparesis, involving the right side more 
than the left. Tendon reflexes were brisk in both lower extremities, being more 
hyperactive on the right, with inexhaustible patellar and ankle clonuses on that 
side. The Babinski sign was elicited bilaterally, with Gordon and Chaddock re- 
flexes on the right. Sensation was preserved for cotton, position and vibration. 
Analgesia existed up to about the eight thoracic dermatome on the right and up 
to the tenth thoracic dermatome on the left. Perception of cold was lost on the 
right side up to the twelfth dematome and on the left side to the ninth, with some 
preservation in the sacral and lower lumbar segments on the right. Perception of 
warmth was present, but was a little less acute over the legs than over the chest. 

The results of laboratory investigations were all within normal limits. The 
diagnosis was thrombosis of the anterior spinal artery in the lower thoracic area 
of the spinal cord. 

The patient has regained considerable power in the left leg and some in 
the right. He still has frequent spasms in the right leg. He has regained control 
of his bowel and bladder. 

Subdural Hygroma. Dkr. BEN LICHTENSTEIN. 
A Lesion of the Brain Stem. Dr. Victor Gonpa. 


Aleoholic Cerebellar Ataxia. Dr. Leo Kaplan. 
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Acetilcolina nelle sindromi schizofrenche: 
Interpretazione patogenetica della dis- 
sociazione mentale e sua _ applicazione 
terapeutica: A. M. Fiamberti, 138 

Cerebral Angiography with Perabrodil 
(Carotid Angiography); A. Engeset, 685 

Deep Analysis: Clinical Study of Individ- 
ual Case; C. Berg, 686 

Dr. Kirkbride and His Mental Hospital; E. 
D. Bond, 137 

Foundations of Neuropsychiatry; S. Cobb, 
685 

Freud on War, Sex and Neurosis; edited 
by S. Katz; translated by J. Riviere and 
others, 683 

Human Race: E. Froeschels, 683 

Hypnotism Today; L. M. LeCron and J. 
Bordeaux, 139 

If Man Be Mad: H. Maine, 684 

Man, Weather, Sun; W. F. Petersen, 688 

Manual of Psychological Medicine; A. F. 
Tredgold, 443 

Master Hand: Study of Origin and Mean- 
ing of Right and Left Sidedness and Its 
Relation to Personality and Language; 
A. Blau, 440 

Metabolic Brain Diseases and Their Treat- 
ment; G. T. Stockings, 565 

Nature of Deterioration in Schizophrenic 
Conditions; D. Shakow, 442 

Neuropathology: I. M. Scheinker, 138 

New Fields of Psychiatry; D. Levy, 137 

Nutritional Disorders of Nervous System; 
J. D. Spillane, 140 

Outline of Spinal Nerves; J. Favill, 140 

Philosophy of Insanity; Anonymous, 686 

Physical Background of Perception; E. D. 
Adrian, 441 

Place of Psychology in Ideal University, 
271 

Postnatal Development of Human Cerebral 
Cortex: J. L. Conel, 687 

Problems of Early Infancy; edited by M. 

E. Senn, 564 


Psychopathology: Survey of Modern Ap- 
proaches; J. E. Nicole, 140 
Psychotherapy in Child Guidance; G. 


Hamilton, 561 

Sexual Behavior in Human Male; A. C 
Kinsey, W. B. Pomeroy and C. E. Mar- 
tin, 561 

Textbook of Clinical Neurology; I. 8S 
Wechsler, 565 

Training in Clinical Psychology, 562 

Understandable Psychiatry; L. E. Hinsie 
688 

War Stress and Neurotic Illness; A. Kardi- 
ner, with collaboration of H. Spiegel, 
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Bouillaud’s Disease: See Rheumatic Fever 
Brachium Pontis: See Cerebellum 
Brain: See also Cerebellum; Dura Mater: 


Hypothalamus; Lenticular Nucleus; Me- 
dulla Oblongata; Meninges; Nervous Sys- 
tem; Thalamus; ete. 

abscess, coccidioidal, 665 


Bi 


Brain 
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Continued 

anatomicoclinical 
Parinaud 
posterior 


observations in case of 
syndrome; role of region of 
commissure, 666 


arterial route; study of heredodegenerative 
diseases, 675 
arteriovenous aneurysms of; their diagnosis 


and treatment, *567 

atrophy; etiologic factors of thromboendar- 
teritis obliterans, von Winiwarter-Buerger 
type, in granular atrophy of cortex, 799 

atrophy, granular, of cerebral cortex; sys- 
temic form, 248 

Blood Supply: See also 
sclerosis; Thrombosis ; 

blood supply; central 
sistance; effects of 
cerebral circulation 
10 minutes, 125 

blood supply; cerebral 
in young adults, 665 


Arteries; Arterio- 
etc. 

nervous 
temporary 
for periods 


re 
of 
to 


system 
arrest 
of 2 


vascular occlusions 


blood supply; circulatory effects of partial 
cerebral ischemia, 654 
cerebral involvement by osteogenic sarcoma 


associated with Paget’s disease of skull, 
*4Y 
Concussion: See Brain, injuries 


convulsive effects of antibiotic agents on 
cerebral cortex, 125 


cortical activity in cases of post-traumatic 
epilepsy, 558 

crossed cerebral lesions; left hemiparesis 
and right homonymous hemianopsia, 843 

cysticercosis, clinical aspects of, *457 

cysticercosis of posterior fossa, 805 

diagnosis and treatment of strictures of 


aqueduct of Sylvius (causing hydrocepha- 


lus), 424 

Diseases: See also Encephalitis; Insanity; 
Mental Diseases; etc. 

diseases ; cerebral malaria in Great Britain, 
S05 

diseases; distribution of lesions of brain 
stem in poliomyelitis, *368 

diseases; encephalopathies associated with 


$26 
granuloma 
japonica, 804 


acromegaly, 


diseases ; due to schistosomiasis 


diseases ; lead encephaloamyotrophy, 839 
diseases; lesion of brain stem, 844 
effect of nicotinic acid amide’ [nicotina- 


mide] and sodium on glycolysis and oxy- 
gen uptake in brain homogenates, 124 
effect of optic and acoustic stimuli on cor- 
tex and hypothalamus under conditions 
of picrotoxin convulsions, *496 
electroencephalography ; activation of seiz- 
ures and electroencephalographic disturb- 
ances in epileptic and in control subjects 


with “‘metrazol,” *691 
electroencephalography ; effect on colon of 
electrical stimulation of forebrain areas 
in cats, 653 
electroencephalography ; effects of cerebral 


electric shock on experimental neuroses in 


cals, 

Embolism: See Embolism 

etiology of optochiasmatic arachnoiditis 
*215 

formation of acetylcholine in cell-free ex- 
tracts from brain, 126, 127 

growth and development of cerebral cor- 
tical pattern in man, *1l 

hemiatrophy of body in adult life, 425 

hemorrhage; electroencephalogram in cere- 


brovascular 


Inflammation : 


disease, 
See Encephalitis 

Injuries : Head, injuries 

injuries; bulbar inhibitory mechanisms in 
concussion, 63 

injuries ; follow-up study of men with pene- 
trauing injury to brain, *oll 

injuries; mechanical role of spinal fluid in 
cerebral concussion, 836 


See also 


injuries; presence and action of acetyl- 
choline in experimentait brain trauma, 
797 


injuries; problems in post-traumatic epilep- 
sy, 254 

injuries, spatial organization of visual per- 
ception following, *39 

injuries; studies in cerebral 


concussion ; 
changes of convulsive 


activity, 835 


injury of central nervous system resulting 
rom decompression to simulated high 
“altitudes, *445 


Localization 
diseases ; 


of Function: 
Brain, 


See also Brain, 
pathology ; Brain, tumors 
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localization of function; mechanism of 
pupillary dilatation by cortical stimula 
tion, 797 

metabolism of brain suspension; anaerobic 
glycolysis, 417 

neurons, tracts and cortical function; 100 
years of progress, *85 

pathology; hemiballism, 669 

pathology; hemiballismus; report of 2 
cases, 838 

phenomenon of cutaneous sensory extin« 
tion, *107 

physiocochemical studies of spinal fluid 
836 

Physiology : See also Brain, electroen 
cephalography; Brain, localization of 
function 

physiology; electroencephalogram in cere 
brovascular disease, *395 

physiology; 100 years of progress, *93 

physiology; subdural hematoma experi- 
mental study, *360 

physiopathologic mechanisms with refe 


Bright's 
Brigidi-Marie 
Brock, 38.: 


Brody, M. 


Brown, A.: 
Bruetsch, 


Brushfield-Wyatt 
Bubo, Climatic: 


ence to midbrain and hypothalamus, 37 
psychologic appraisal of children’ with 
neurologic defects, 248 
relation of diencephalic-hypophysial system 
and digestive apparatus, 132 
roentgenography ; phneumoencephalographic 
diagnosis of presenile dementias, 
role of afferent impulses in 
convulsions, *718 
Sclerosis: See Sclerosis 
surgery ; 100 years of progress in neurology, 


experimental 


psychiatry and neurosurgery, *63 
surgery; psychosis following lobotomy in 
case of sexual psychopathy; report of 
case, *302 
Syphilis: See Neurosyphilis 
thromboangiitis obliterans of, 660 
tumors; clinical picture of reirobulbar 
neuritis associated with intracranial 


tumors, 426 

tumors; diagnostic importance and mech 
anism of abnormal positions of head in 
case of surgical lesions of posterior fos 
Sa, 25 

tumors ; effect of albumin solution on spinal 


fluid pressure, *529 


tumors; ependymoma in third and fourth 
ventricles with implants in spinal suba 
rachnoid spaces, *408 

tumors; metastatic tumors of central ner- 
vous system; intracerebral metastases as 
only evidence of dissemination of  vis- 
ceral cancer, *635 

tumors; ophthalmologic syndromes asso- 
ciated with tumors of frontal lobe, 668 

tumors; postoperative period of survival 
of 25 patients with oligodendrogliomas of 


434 

visual fields in hydrocephalus, 665 
Disease: See Nephritis 

Disease: Acromegaly 
Fatal cryptogenic neuropathy, 


brain, 
tumors ; 


See 


678 

W.: Psychiatric diagnosis in mili 
service, 267 
Dural abscess, 
W. L.: Etiology 
arachnoiditis, *215 


tary 
841 

of optochiasmatic 
Disease: See Angioma 
See Lymphogranuloma Vene- 
reum 


Buerger-Winiwarter Disease: See Thromboan- 


giitis obliterans 

Bullet Wounds: See under Wounds; etc. 

Calvarium: See Cranium 

Cancer: See also Sarcoma; etc.; and un- 
der names of organs and regions 

metastases; metastatic tumors of central 

nervous system; intracerebral metastases 
as only evidence of dissemination of vis- 
ceral cancer, *635 

Carbohydrates: See Dextrose; etc. 

Carbon Monoxide poisoning, lesions of cen- 
tral nervous system produced by, 800 

Cardiazol: See Metrazol 

Cardiovascular Sysiem: See Arteries; Heart; 
Vasomotor System; etc, 

Caruncle, Lacrimal: See Lacrimal Organs 

Casamajor, L.: Abraham Arden Brill, 539 

Catatonia: See Dementia Precox 

Cauda Equina: See Spinal Cord 

Causalgia: See Neuralgia 

Cells: See Neurons; Tissue; etc. 


Cephalalgia : 


See Headache 
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Cerebellum; alcoholic 
arterial route; 
diseases, 675 
diseases; cystic arachnoiditis, 804 
Localization of Function: See Brain, 
ealization of function 
oligodendroglioma of, *404 
Cerebrospinal Fever: See Meningitis 
Cerebrospinal Fluid; cholesterol in 
fluid in some psychoses, 663 
effect of introduction of isotonic 
chloride solution into cisterna 
of dog on cell content of, 127 
effect on interaction between Rh agglutinins 
and agglutinogens, 799 
effects of subarachnoid 
therapeutic concentrations of penicillin 
solution on central nervous system, 799 
in poliomyelitis, 551 
mechanical role in 
836 
one hundred years of progress, *91 
physicochemical studies of, 836 
pressure effect of albumin solution on, *529 
sequelae of cerebrospinal meningitis; analy- 
sis of 60 cases, 131 
Cerebrum: See Brain 
Chance, B., Jr.: Spinal fluid in 
litis, 551 
Charcot’s Disease: 
trophic lateral 
Charcot’s Joints: 
Cheiromegaly : 
Chemotherapy : 
syphilis; ete. 
Chesney, L. P.: Penicillin in treatment of 
neurosyphilis; tabes dorsalis, *347 
Chewing: See Mastication 
Chiasm, Optic: See Optic Chiasm 
Child Guidance: See Mental Hygiene 
Children; fellowships in child psychiatry, 
241, 537 
child guidance clinic in 
Maplewood, N. J., 802 
myasthenia gravis in 9 year old boy, 546 
opening in child psychiatry with Social 
Welfare Council of Oranges and Maple- 
wood, Orange, N. J., 801 
penicillin treatment of pneumococcic 
ingitis in infants, 133 
psychoanalytic study of 
in, 423 
psychotogic 
neurologic 
Chilling: See 
Chodoff, P-.: 
nosis of 


cerebellar ataxia, 844 
study of heredodegenerative 


lo- 


spinal 


sodium 
magna 


installations of 


cerebral concussion, 


poliomye- 


See Sclerosis, amyo- 
See Tabes Dorsalis 
See Acromegaly 


See Meningitis; Neuro- 


Oranges and 


men- 


ulcerative colitis 


appraisal of children’ with 
defects, 248 
Cold 
Pneumoencephalographic 
presenile dementias, 823 
Choked Disk: See Neuritis, optic 
Cholesterol: See Lipoids 
in Cerebrospinal Fluid: 
Fluid, cholesterol 
Choline Acetylase: See Enzymes 
Choline and Choline Derivatives: 
Cholinesterase 
formation of acetylcholine in 
tracts from brain, 126, 127 
presence and action of acetylcholine in 
experimental brain trauma, 797 
studies on choline acetylase; formation of 
acetylcholine in nerve axon, 417 
Cholinesterase; effect of diisopropyl fluoro- 
phosphate (DFP) on action potential and 
choline esterase of nerve, 244 
Chordoma of sella turcica, 668 
Chorea; arterial route; study of heredode- 
generative diseases, 675 
choreoathetotic syndrome following frac- 
ture, with bilateral selective softening of 
globus pallidus (probable fat embolism), 
82 


diag- 


See Cerebrospinal 


See also 


cell-free ex- 


9 
hemiballism, 669 
hemiballismus ; 

Chusid, J. G.: 
fourth ventricles with implants in spinal 
subarachnoid spaces, *408 


cases, 838 
third 


report of 2 


Ependymoma in and 


Circumolivary  Fascicles: See Pyramidal 
Tract 

Cisterna Magna; effect of introduction of iso- 
tonic sodium chloride solution into cis- 
terna magna of dog on cell content of 
spinal fluid, 127 

neurogenic factors in traumatic’ experi- 

mental shock and effect of intracisternal 
injection of potassium, 246 

Cline, J. E.: Fall in plasma protein level 
associated with rapid gain in weight dur- 
ing course of electroshock therapy, *476 

Clinics; announcement of fellowships for 
training in child guidance clinic psychia- 
try, 537 
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Clinics—Continued 
child guidance clinic in 
Maplewood, N. J., 802 
resignation of Dr. Nathan Blackman as 
= psychiatrist, Mental Hygiene Clinic, 
805 


Oranges and 


Clinoid Process; erosion of anterior clinoid 
processes simulating that due to intra- 
sellar tumor, *523 

Cobb, S.: 100 years of progress in neurolo- 
gy, psychiatry and neurosurgery, *63 

Coccidioides ; coccidioidal brain abscess, 665 

Cohn, R.: Subdural hematoma; experi- 
mental study, *360 

Cold: See also Temperature 

responses to thermal stimuli mediated 
through isolated spinal cord, *754 
Colitis, ulcerative; psychoanalytic study in 
children, 423 
ulcerative, psychotherapy of, 662 
Colon: See also Gastrointestinal Tract 
effect of electrical stimulation of forebrain 
areas in cats, 653 
Inflammation: See Colitis 

Coma: See Dementia Precox; 

Communicable Diseases: See 
Syphilis; ete. 

Compulsion: See Dementia Precox; Neuroses 
and Psychoneuroses 

Concussion: See Brain, injuries 

Congress: See Societies 

Contusions: See Brain, 
juries 

Convalescence; relation of personality dis- 
turbances to duration of convalescence 
from acute respiratory infections, 800 

Convulsions: See also Epilepsy 

convulsive effects of antibiotic 
cerebral cortex, 125 

effect of optic and acoustic 
cortex and hypothalamus under condi- 
tions of picrotoxin convulsions, *496 

experimental, role of afferent impulses in, 
*718 

hemoconcentration after 
duced convulsons in man, 

modification by curare of circulatory 
changes during electrically induced con- 
vulsions in man; note on d-tubocurarine, 
*469 

new anticonvulsants, 

new mechanism in 
experimental convulsions, 557 

studies in cerebral concussion; 
of convulsive activity, 835 

Therapeutic: See Dementia 
tal Diseases 

Coronary Vessels; identification 
in coronary occlusion, 129 

Corpus Luysi: See Hypothalamus 

Restiforme: See under Medulla Oblongata 

Correction in article by Dr. Sydney Sunder- 
land, entitled ‘“‘Rate of Regeneration in 
Human Peripheral Nerves’ (Arch. Neurol. 
& Psychiat. 58:251 [Sept.] 1947), 416 

in article entitled 


Insulin 
Meningitis ; 


injuries; Head, in- 


agents on 


stimuli on 


electrically in- 


#29 


541 
inhibition of certain 
changes 


Precox; Men- 


mechanisms 


“Electroencephalograph- 
ic Studies on Induced and Excised Epilep 
togenic Foci in Monkeys” by Bernard L. 
Pacella, Lenore M. Kopeloff and Nicho- 
las Kopeloff (Arch. Neurol. & Psychiat. 
58:693 [Dec.] 1947), 241 

Corticospinal Tract: See Pyramidal Tract 

Cram, J. E.: Hemoconcentration after elec 
trically induced convulsions in man, *29 

Cramer, J.: Organic mental syndrome with 
phenomena of extinction and allesthesia, 
*273 

Cranium : 

cerebral 
coma associated 
skull, *99 

Injuries: See Brain, 
juries 

neurinoma of twelfth cranial nerve, 828 

occasional appearance of both inner and 
outer suture lines in roentgenograms of 
skull simulating fissure fractures, 135 

Crime and Criminals: See also Jurisprudence, 

Medical; Prisons and Prisoners; etc. 

sociopsychologic structure of SS; psychia- 
tric report of Nurnberg trials for war 
crimes, *622 

Curare; hemoconcentration after electrically 

induced convulsions in man, *29 

modification of circulatory changes during 
electrically induced convulsions in man; 
note on d-tubocurarine, *469 

Cure, C.: Activation of seizures and elec- 
troencephalographic disturbances in epi- 
leptic and in control subjects . with 
“‘metrazol,”’ *691 


See also Head 

involvement by osteogenic sar- 
with Paget’s disease of 
in- 


injuries; Head, 


INDEX TO 


Cushing Syndrome and of 
basophilic cells, 660 

Cysticercosis: See Echinococcosis 

Cysts: See under names of organs and 


regions, as Cerebellum; etc. 


DFP: See Propyl Fluorophosphate 

Davis, C. N Short term hospitalization of 
alcoholic patient, 269 

Davison, C.: Fatal cryptogenic neuropathy, 
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Deafness: See Ear; ete. 

Decompression : See Air, pressure; Avia- 
tion and Aviators 

Deficiency Diseases: See under Diet and 
Dietetics; Nutrition; Vitamins; etc. 

Degeneration, arterial route; study of here- 
dodegenerative diseases, 675 

Delusions: See under Dementia Precox; In- 
sanity; ete. 

Dementia: See Dementia Precox; Insanity; 
etc. 

Presenile: See Insanity, presenile 
Dementia Paralytica: See Neurosyphilis 
Dementia Precox; causes of failure in treat- 

ment with electric shock; analysis of 38 
cases, *337 

electronarcosis; its application and thera- 
peutic effect in schizophrenia, 429 


Demobilization : 
Depersonalization : 
Depression : 


See Military Medicine 
See Personality 
Insanity; Mental 
Neuroses and Psychoneuroses 
Dercum’s Disease: See Adiposis Dolorosa 
Dextrose ; effect of nicotinic acid amide [nico- 


See Diseases; 


tinamide] and sodium on glycolysis and 
oxygen uptake in brain homogenates, 124 


metabolism of brain suspensions ; 
glycolysis, 417 

Diabetes Insipidus in 

partum pituitary 


anaerobic 


association with 


necrosis, 666 


post- 


Diencephalon: See Brain; Hypothalamus 

Diet and Dietetics: See also Nutrition; 
Vitamins 

nutritional disorders in allied repatriates 


and Japanese prisoners of war, 817 
Diethyistilbestrol : Estrogens 
Di-Isopropyl Fluorophosphate : See 

Fluorophosphate 
Dimitri-Sturge-Weber Syndrome: See Angioma 
Diplegia: See Paralysis 
Dipsomania: See Alcoholism 


See 


Propyl 


Disease; nature and classification of so- 
called psychosomatic phenomena, 249 
prognostic significance of incidental acute 


somatic disorders in course of psychoses ; 


reevaluation of 5 cases 14 years later, 
Disk, Choked: See Neuritis, optic 
Intervertebral: See under Spine 
Optic: See Nerves, optic 
Dizziness: See Vertigo 
Dreams: See also Psychoanalysis 
induced by hypnotic suggestion; therapeu- 
tic use, 422 
negative in, 422 
Drew, J. H.: Postoperative period of sur- 


vival of 25 patients with oligodendroglio- 


mas of brain, 434 
Drugs, Addition: See under names of drugs 
Ductless Glands: See Endocrine Glands 
Dura Mater: See also Meninges 
abscess, 841 
lyskinesia: See Movements 


Dyspituitarism: See Pituitary Body 
Dystrophy, Muscular: See also 

muscular 
muscular ; 


Atrophy, 
myotonic dystrophy, 842 


Ear; effect of optic and acoustic stimuli on 


cortex and hypothalamus under condi- 
tions of picrotoxin convulsions, *496 
herpes zoster auris (‘‘geniculate’” gang- 
lionitis), 671 
investigation of vestibular function after 
head injury, 808 
Echinococcosis, cerebral, clinical aspects of, 
*457 
cysticercosis of posterior fossa, 805 
Ecker A.: Erosion of anterior clinoid 
processes simulating that due to intra- 


sellar tumor; diagnostic pitfall, *523 
Education; postgraduate course in psychia- 
try and neurology, 
residences in psychiatry, Veterans Admin- 
istration Hospital, Roanoke, Va., 537 
resident training program in psychiatry, 536 
Electricity: See Electrotherapy; etc. 
Electrocardiogram: See under Heart 
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Electrodiagnosis : See Brain, electroen- 
cephalography ; Muscles; etc 

Electroencephalogram : See Brain, electro- 
encephalography 

Electromyography: See Muscles 

Electronarcosis : See Dementia Precox 

Electrotherapy: See also Dementia Precox 
Epilepsy ; Mental Diseases; Neuroses and 


Psychoneuroses; Personality; ete 

causes of failure in treatment with electric 
shock; analysis of 38 cases, *337 

effect of age, head 
physical factors on 
electrically induced 

effects of cerebral 


resistance, and other 
stimulus threshold of 
convulsions, 659 

electric shock on ex 


perimental neuroses in cats, 555 
electric convulsive therapy; 3 years’ ex- 
perience, 133 
electroconvulsion therapy in 301 patients 


in general hospital, 430 
fall in plasma protein level associated with 


rapid gain in weight during course of 
electroshock therapy, *476 
hemoconcentration after electrically in- 
duced convulsions in man, *29 
involutional psychosis; course when un- 
treated and when treated with electric 
shock, *385 
losses and gains in cognitive functions as 


related to electroconvulsive 
modification by curare’ of 
changes during electrically 


shocks, 249 
circulatory 
induced con- 


vulsions in man; note on d-tubocurarine, 
*469 
reflex studies in electroshock treatments, 


*481] 
shock therapy (insulin or electric shock) for 


acute behavior problems of adolescence, 
265 

sleep-electroshock therapy of psychoses, 
*517 

sleep, stupor and shocks; 100 years of 


progress, 79 
transient hemiplegia 
vulsive treatment, *229 
Embolism: See also Thrombosis 
choreoathetotic syndrome following frac- 
ture, with bilateral selective softening 
of globus pallidus (probable fat em- 
bolism), 829 
electroencephalogram in cerebrovascular dis- 
ease, *395 
Emotions: See 


following electrocon- 


also Anxiety; etc. 
relation of personality problems to onset 
and progress of multiple sclerosis, *13 
Encephalitis: See also Encephalomyelitis 
chronic rheumatic, 262 


disseminated, diffuse and transitional 
demyelination of central nervous sys- 
tem, 659 

of optochiasmatic arachnoiditis, 

herpes zoster encephalitis, 426 

postvaccinal (typhoid), *233 

Encephalography : See Brain, roentgenog- 
raphy 

Encephalomyelitis; etiology of optochias- 
matic arachnoiditis, *215 


Encephalopathy: See under Brain 


Encephalorrhagia: See Brain, hemorrhage 
Endocardium: See Heart 
Endocrine Glands: See also under names of 
glands 
endocrine and mental disorders in acute 
anterior poliomyelitis, 428 
Endocrine Therapy: See under names of 


glands and hormones, as Insulin; Thyroid 
Enuresis: See Urination 
Enzymes: See also under name of enzymes, 
as Cholinesterase; etc. 


studies on choline acetylase; formation of 


acetylcholine in nerve axon, 417 

Ependymoma in third and fourth ventricles 
with implants in spinal subarachnoid 
spaces, *408 

Epidermis: See Skin 

Epilepsy: See also Convulsions 


activation of seizures and electroencephalo- 
graphic disturbances in epileptic and in 
control subject with ‘‘metrazol,”’ *691 

arteriovenous aneurysms of brain; their 
diagnosis and treatment, *567 

new anticonvulsants, 541 

post-traumatic, cortical 
of, 558 

post-traumatic, problems in, 254 


activity in cases 


properties of maximal seizures and their 
alteration by anticonvulsant drugs and 
other agents, 243 
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Sturge-Weber syndrome, *504 

psychosomatic regression in, 
9 


squilibrium: See Cerebellum; 
Erotism: See under Sex 
Erythrocytes; hemoconcentration after elec- 
trically induced convulsions in man, *29 
Estrogens; effect of stilbestrol on resistance 
of experimental poliomyelitis, 656 
Ethylstilbestrol: See Estrogens 
Eunuchoidism ; successful treatment of eunu- 


Posture; etc. 


choid man, 673 

Everts, W. H.: Nutritional disorders in al- 
lied repatriates and Japanese prisoners 
of war, 817 

Excitement; twilight state with intense ex- 
citement following thalamic disease, 130 

Exhaustion: See Fatigue 

Explosions; neurologic effects of blast in- 
jury, 258 

pallhypesthesia; depression of appreciation 
of vibration in trauma and in disease; 


preliminary report, *292 


Extinction; organic mental syndrome with 
phenomena of extinction and allesthesia, 
*273 

Extrapyramidal Tract: See also Lenticular 
Nucleus 

extrapyramidal disease of 12 years’ dura- 
tion; follow-up study, 432 
Extremities: See also under names of bones 


afferent conduction via sympathetic ganglia 


innervating extremities, 244 
Amputation: See Amputation 
Blood Supply: See also Arteriosclerosis ; 


Thromboangiitis obliterans: ete. 

blood supply; effects of suggestion in treat- 
of vasospastic disorders of extremities, 
128 


Deformities: See Poliomyelitis 


Paralysis: See Paralysis; Poliomyelitis 
Eyes: See also Vision; and under special 
structures of eyes, i. e., Retina; etc. 


effect of optic and acoustic stimuli on cor- 
tex and hypothalamus under conditions 
of picrotoxin convulsions, *496 
ophthalmologic syndromes associated 
tumors of frontal lobes, 668 
paralysis; anatomicoclinical observations in 
case of Parinaud syndrome; role of re- 
gion of posterior commissure, 666 
paralysis; crossed cerebral lesions; 


with 


left 


hemiparesis and right homonymous 
hemianopsia, 843 
paralysis; modification of meningeal signs 
by concomitant hemiparesis, *485 
winking-jaw phenomenon, *734 
Face, Paralysis: See Paralysis, facial 
Falx Cerebri: See Dura Mater 
Fantom Limbs: See Amputation 
Fat: See Lipoids 
Fatigue, disorganization of behavior in, 661 
Favre-Nicolas Disease: See Lymphogranu- 
loma Venereum 
Feeling : See Emotions 
Feet: See Foot 
Fellowships for training in child guidance 
clinic psychiatry, 537 
in child psychiatry, 241, 537 
Fender, F. A.: Effect of albumin solution 


on cerebrospinal fluid pressure, *529 
Ferments: See Enzymes 
Fever: See Malaria: Relapsing Fever; Tem- 
perature; Typhoid; ete. 
Therapeutic : See under 
Diseases; Neurosyphilis ; 
Filum Terminale: 
Fisher, R. G.: 
epilepsy, 254 
Fizzell, J. A.: 


Chorea ; 
Syphilis ; 
See Spinal Cord 
Problems in post-traumatic 


Mental 
etc. 


Electromyographic studies on 


cats after section and suture of sciatic 
nerve, 438: correction, 803 

Foot, trench; pain disturbances associated 
with certain war wounds, 810 

Foramen, Intervertebral: See under Spine 

Magnum: See Medulla Oblongata 

Fountain, G.: Phenomenon of cutaneous sen- 
sory extinction, *107 

Fractures: See also under names of bones 


and joints, as Cranium; etc. 
choreoathetotic syndrome following 
ture, with bilateral selective 
of globus pallidus (probable 
bolism), 829 
studies on neuromuscular dysfunction; 
neostigmine therapy of chronic disability 
following fractures, 133 


frac- 
softening 
fat’ em- 
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Freeman, W.: 
nosis of presenile dementias, 823 


Pneumoencephalographic diag- 


Frei Antigen: See 


Lymphogranuloma Ve- 
nereum 
Freud, Griesinger -as precursor of, 662 
Friderichsen-Waterhouse Syndrome: See 
Adrenals, hemorrhage 
Friedlander, J. W.: Psychosis following lo- 
botomy in case of sexual psychopathy; 
report of case, *302 
Role of psychosis in amyotrophic lateral 
sclerosis; report of case, 554 
Friedreich's Disease: See Ataxia 
Frontal Lobe: See Brain 
Funiculi, Posterior: See Spinal Cord 


Gammon, G. D.: Spinal fluid in poliomyelitis, 
551 


Ganglion : See also Nervous System; 
Neurons 
afferent conduction via sympathetic gan- 
glia innervating extremities, 244 


basal, 100 years of progress, *90 
electrical 


stimulation of upper thoracic 
portion of sympathetic chain in man, 
559 
herpes zoster auris (‘‘geniculate”’ ganglioni- 


tis), 671 
Ganglionectomy : 
Garner, H.: 
Gastric Crisis: 


See Sympathectomy 
polyneuritis, 


See Tabes Dorsalis 


Arsenical 841 


Gastrointestinal Tract: See also Colon; 
Stomach; etc. 
relation of diencephalic-hypophysial  sys- 
tem and digestive apparatus, 132 
Gellhorn, E.: Effect of optic and acoustie 
stimuli on cortex and hypothalamus un- 
der conditions of picrotoxin convulsions, 
*496 
Role of afferent impulses in experimental 
convulsions, *718 
Genitals: See under names of genitals 


Gerhardt, J. W.: Problems in post-trau- 
matic epilepsy, 254 

Geriatrics: See Old Age 

Griffin, M. E.: Postvaccinal (typhoid) en- 
cephalitis, *233 

Globus Pallidus: See Lenticular Nucleus 

Glucose: See Dextrose 

Glycolysis: See Dextrose 


Gnosia: See Perception 


Goldblatt, S.: Pallhypesthesia; depression 
of appreciation of vibration in trauma 
and in disease; preliminary report, *292 


Golseth, J. G.: Electromyographic studies 
on cats after section and suture of sciatic 


nerve, 438: correction, 803 
Gonads: See Endocrine Glands; etc. 
Gonda, V.: Lesion of brain stem, 844 
Godell, H.: Effect of analgesics on intensity 


of pain experienced; preliminary report, 


Gordon, A.: 


Prognostic significance of in- 
cidental acute somatic disorders in course 
of psychoses; reevaluation of 5 cases 14 
years later, *646 
Graduate Work: See Education 
Grant, F. C.: Postoperative period of sur- 
vival of 25 patients with oligodendro- 


gliomas of brain, 434 


Granuloma, cerebral, due to schistosomiasis 
japonica, 804 
intramedullary, of spinal cord; clinico- 
pathologic study, 826 
Schistosomal: See Schistosomiasis 
Greenstein, L.: Electroencephalogram in 
cerebrovascular disease, *395 
Griesinger as precursor of Freud, 662 
Growth, effect on lipid composition of rat 
tissues, 242 
Gudden Commissure: See Optic Chiasm 
Guilt: See Psychoanalysis 
Gunshot Wounds: See Wounds; etc. 
Haase, E.: Recurrent subarachnoid hemor- 
rhages, 842 
Hamilton, S. W.: James Stuart Plant, 121 
Hamlin, H.: Neurologic effects of blast in- 
jury, 258 
Hardy, J. D.: Effect of analgesics on in- 
tensity of pain experienced (preliminary 
report), 543 
Head: See also Cranium 
diagnostic importance and mechanism of 
abnormal positions of head in cases of 


surgical lesions of posterior fossa, 425 
effect of age, head resistance and . other 
physical factors on stimulus threshold of 
electrically induced convulsions, 659 


INDEX TO 


Head—Continued 
Injuries: See also Brain, injuries; etc. 
injuries; cortical activity in cases of post- 
traumatic epilepsy, 558 
injuries. investigation of vestibular func- 
tion after, 808 
injuries; pallhypesthesia; depression of ap- 
preciation of vibration in trauma and in 
disease; preliminary report, *292 
injuries; psychologic appraisal of children 
with neurologic defects, 248 
injuries, psychophysiologic relations in 
cases with, 419 
Headache: See also Migraine 
common symptom of cervical disk lesions; 
report of cases, *603 
Heart, electrocardiography: modification by 
curare of circulatory changes during 
electrically induced convulsions in man: 
note on d-tubocurarine, *469 
Heat: See also Temperature 
responses to thermal stimuli mediated 
through isolated spinal cord, *754 
Hebephrenia: See Dementia Precox 
Heine-Medin’s Disease: See Poliomyelitis 
Hematology: See Blood 
Hematoma, Subdural: See Meninges, hem- 
orrhage 
Hemianopsia;° crossed cerebral lesions; left 
hemiparesis and right homonymous 
hemianopsia, 843 
relative, 667 
Hemiatrophy: See Atrophy 
Hemiballism: See Athetosis: Chorea 
Hemiparesis: See Eyes, paralysis 
Hemiplegia: See also Paralysis, spinal 
arteriovenous aneurysms of brain; their 
diagnosis and treatment, *567 
transient, following electroconvulsive treat- 
ment, *229 
Hemorrhage See Adrenals, hemorrhage: 
Brain, hemorrhage: etc. 
Subarachnoid See Meninges, hemorrhage 
Hepatitis, Infectious: spread of infective 
hepatitis and poliomyelitis in Egypt, 807 
Heredo-Ataxia See under Ataxia 
Herpes. postherpetic Argyll Robertson pupil, 
839 
zoster auris (‘‘geniculate’ 
671 
zoster encephalitis, 426 
Hindbrain: See Brain 
Hirschfield, B. A.: Case of extrapyramidal 
disease of 12 years’ duration; follow-up 
study, 432 
Histamine, Therapy: See Sclerosis 
Hodes, R.: Electromyographic study of de- 
fects of neuromuscular transmission in 
poliomyelitis, 436 
Homosexuality : See Sex, perversion 
Hormones: See Androgens; Endocrine Glands ; 
Estrogens; Insulin; etc. 
Hosfitals: Dr. A. E. Bennett affiliated with 
Herrick Memorial Hospital, 538 
procedure of hospitalizing patient, 265 
short term hospitalization of alcoholic 
patient, 269 
Hunt Syndrome: See Herpes zoster 
Huntington’s Disease: See Chorea 
Huston, E.: Involutional psychosis; 
course when untreated and when treated 
with electric shock, *385 
Hydrocephalus; contribution related to treat- 
ment, 430 
diagnosis and treatment of strictures of 
aqueduct of Sylvius (causing  hydro- 
cephalus), 424 
subdural hygroma, 844 
visual fields in, 665 
Hydrogen Ion Concentration; effects of low- 
ering blood pur on excitability of nervous 
system, 243 
Hygroma: See Hydrocephalus 
Hyperinsulinism: See under Insulin 
Hypertrophy: See Acromegaly; and under 
names of organs and regions 
Hypnosis; objective tinnitus aurium; report 
of case with recovery after hypnosis, 265 
therapeutic use of dreams induced by hyp- 
notic suggestion, 422 
Hypogonadism: See Eunuchoidism 
Hypomania: See Mental Diseases 
Hypophysis: See Pituitary Body 
Hypothalamus: See also Pituitary Body 
effect of optic and aceustic stimuli on 
cortex and hypothalamus under condi- 
tions of picrotoxin convulsions, *496 
nogegneneis regulation of sleep in rats, 
‘ 


ganglionitis), 
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Hypothalamus—Continued 
physiopathologic mechanisms with refer- 
ence to midbrain and hypothalamus, 837 
role of afferent impulses in experimental 
convulsions, *718 
Hypothermia: See Cold 
Hypothyroidism: See under Thyroid 
Hypoxia: See Oxygen, deficiency 
Hyslop, G. H Successful treatment of 


eunuchoid man, 673 
Hysteria: See Neuroses and Psychoneuroses 


Idiosyncrasy: See Anaphylaxis and Allergy 
Inclusion Bodies: See Neurons 
Inebriety: See Alcoholism 
Infantile Paralysis See Poliomyelitis 
Infants: See Children 
Infundibulum See Hypothalamus 
Injections, Subarachnoid: See Penicillin 
Injuries See under Brain; Head; Spinal 
Cord; Trauma: ete. 
Insanity: See also Dementia Precox; Mental 
Diseases 
Alcoholic: See Alcoholism 
organic mental syndrome with phenomena 
of extinction and allesthesia, *273 
Precocious: See Dementia Precox 
presenile; pneumoencephalographic diag 
nosis of presenile dementias, 823 
Instruments: See Apparatus 
Insulin; shock therapy (insulin or electric 
shock) for acute behavior problems of 
adolescence, 265 
subshock (subcoma) treatment of psychoses 
and psychoneuroses, *184 
Intelligence, mental measurement; 100 years 
of progress, *76 
Tests: See Mental Tests 
Interbrain: See under Brain; Hypothalamus 
Internal Secretions: See Endocrine Giands 
Internship; residencies in psychiatry, Vet 
erans Administration, 802 
residency program in neurology, Veterans 
Administration Hospital, 802 
residency training program in neuropsychi 
atry, Veterans Administration, 802 
Intervertebral Disks: See Spine 
Intestines: See Gastrointestinal Tract; 
Intoxication: See Alcoholism 
Intradural Space: See Cranium 
Introversion: See under Personality 


Japan and Japanese; nutritional disorders in 
allied repatriates and Japanese prisoners 
of war, 817 
Jasper, H.: Activation of seizures and ele: 
troencephalographic disturbances in epi 
leptic and control subjects” with 
“metrazol,”” *691 
Jews, dynamism of anti-Semitism in Gen 
tile and Jew, 421 
Joints: See under names of joints 
Diseases: See Tabes Dorsalis; etc. 
Journals: See Periodicals 
Jurisprudence, Medical: See also Alcoholism ; 
Crime and Criminals; etc. 
medicolegal aspects of spinal cord injuries 
669 


Kaldeck, R.: Transient hemiplegia following 
electroconvulsive treatment, *22% 

Kalischer-Dimitri Disease: See Angioma 

Kane, C. A.: Schistosomiasis of central 
nervous system; experiences in World 
War II and review of literature, *141 

Kaplan, L.: Alcoholic cerebellar ataxia, 844 

Karliner, W.: Reflex studies in electroshock 
treatments, *481 : 

Kaufman, I. C Problems in post-traumatic 
epilepsy, 254 

Kennedy Syndrome: See Neuritis, optic 

Kenny Method: See Poliomyelitis 

Kernig Leg Sign: See Reflex 

Kernohan, J. W.: Postvaccinal (typhoid) 
encephalitis, *233 

Kesert, B. H.: Role of psychosis in amyo- 
trophic lateral sclerosis; report of case, 
554 

Kidneys, Diseases: See Nephritis 

Kilgore, F. V.: Address of welcome [Boston 
Society of Psychiatry and Neurology], 
253 

Klingman, W. O.: Disturbances of nervous 
system due to anoxia and related factors 
in flying personnel, 813 

Kuhn, R. A.: Responses to thermal stimuli 
mediated through isolated spinal cord, 
*754 

Kurnick, N. B.: Peripheral neuritis compli- 
cating multiple myeloma, *378 
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LaBoccetta, A.: 
litis, 551 
Lacrimal Organs; 

sociated with 
Lacrimation: See 
Langworthy, O. R.: Relation of personality 
problems to onset and progress of mul- 
tiple sclerosis, *13 
Larney, M. M.: Intramedullary 
of spinal cord; 
826 
Larynx, 
nerve 
672 
Lead encephaloamyotrophy, 
Lecithin: See Lipoids 
lee, A. J.: Physiopathologic mechanisms 
with reference to midbrain and hypothala- 
mus, 837 
Legs: See Extremities 
Amputation: See Amputation 
Lenticular Nucleus; choreoathetotic syndrome 
following fracture, with bilateral selective 
softening of globus pallidus (probable 
fat embolism), 829 
Leptomeninges: See Meninges 
Leukotomy: See Brain, surgery 
Lewey, F. H.: Tensile strength of 
nerves; experimental physical 
tologic study, *322 
Libido: See Psychoanalysis 
Lichtenstein, B.: Subdural hygroma, 
Limbs: See Extremities 
Lipids: See Lipoids 
Lipoids; effect of growth on 
tion of rat tissues, 242 
micromethod for quantitative partition of 
phospholipid mixtures into monoamino- 
phosphatides and sphingomyelin, 657 
sphingomyelin and sphingomyelin rein- 
eckate, 657 
Lipomatosis: See Adiposis Dolorosa 
Lissauer’s Tract: See Spinal Cord 
Lu, €. F Tensile strength of 
nerves; experimental physical 
tologic study, *322 
Lobectomy: See Brain, surgery 
Lobotomy: See Brain, surgery 
Locher, L. M.: Involutional psychosis; 
course when untreated and when treated 
with electric shock, *385 
Locomotion: See Movements 
Locomotor Ataxia: See Tabes Dorsalis 
Louping Ill: See Encephalomyelitis 
Lucchesi, P.: Spinal fluid in poliomyelitis, 
551 
Luhan, J. A.: 
cases, 838 
Postherpetic Argyll Robertson pupil, 839 
Lumbosacral Region: See Spine 
Luys Body: See Hypothalamus 
Lymphocytes; acute infectious 
in England, 664 
Lymphocytosis, Infectious: See Lymphocytes 
Lymphogranuloma Venereum ; pallhypesthesia ; 
depression of appreciation of vibration 
in trauma and in disease; preliminary 
report, *292 


Spinal fluid in poliomye- 
unilateral lacrimation 
chewing, 132 
Lacrimal Organs 


as- 


granuloma 
clinicopathologic study, 


paralysis; prognosis of 
paralysis following 


recurrent 
thyroidectomy, 


839 


human 
and _his- 


844 


lipid composi- 


human 
and his- 


Hemiballismus; report of 2 


lymphocytosis 


McCarter, J. €.: Distribution of lesions of 
brain stem in poliomyelitis, *368 
McCoy, A. D.: Sturge-Weber syndrome, *504 
Macht, M. B.: Responses to thermal stimuli 
mediated through isolated spinal cord, 
*754 
MacKenzie, A. S.: Effect of albumin solu- 
tion on cerebrospinal fluid pressure, *529 
Magoun, H. W.: Distribution of lesions of 
brain stem in poliomyelitis, *368 
Malaria, cerebral, in Great Britain, 805 
Therapeutic: See Neurosyphilis; 
Dorsalis 
Malnutrition: See Nutrition; Vitamins; etc. 
Manganiello, L. O. J.: Cerebral involvement 
by osteogenic sarcoma associated with 
Paget's disease of skull, *99 
Mania: See Insanity; Mental Diseases; etc. 
Marburg, O.: Arterial route; study of here- 
dodegenerative diseases, 675 
Marie’s Disease: See under Cerebellum 
Marie-Brigidi Disease: See Acromegaly 
Marks, M.: Studies in cerebral concussion; 
changes of convulsive activity, 835 
Marshall, C.: Cortical activity in cases of 
post-traumatic epilepsy, 558 
Problems in post-traumatic epilepsy, 254 
Masland, R. L.: Injury of central nervous 
~ system resulting from decompression to 
simulated high aititudes, *445 
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Masserman, J.: Effects of cerebral electric 
shock on experimental neuroses in cats, 
dodo 

Mastication, 
ated with 

Mecholyl: See 
tives 

Medical Education: See 

Medical Jurisprudence: 
Medical 

Medical Societies: 

Medicine, Aviation: 
tors 

Military: See Military Medicine 
Psychosomatic : See under Mind, 
and mind 

Medin-Heine Disease: 

Medulla Oblongata: 
bar 

bulbar inhibitory 
sion, 65: 

Melancholia, 
eases 

Memory : 


unilateral lacrimation 
chewing, 132 
Choline and Choline Deriva- 


associ- 


Education 
See Jurisprudence, 


See Societies 


See Aviation and Avia- 


body 


See Poliomyelitis 
See also Paralysis, bul- 


mechanisms in concus- 


Involutional: See Mental Dis- 
See Amnesia 
Méniére’s Disease: See Vertigo, aural 
Meninges: See also Arachnoid; Dura Mater 
ependymoma in third and fourth ventricles 
with implants in spinal subarachnoid 
spaces, *408 
Hemorrhage : 
hemorrhage ; 
brain ; 
*567 
hemorrhage; recurrent subarachnoid 
orrhages, 842 
hemorrhage; relapsing fever with nephritis 
and subarachnoid hemorrhage, 132 
hemorrhage; subdural hematoma; experi- 
mental study, *360 
modification of meningeal signs by 
comitant hemiparesis, *485 
penetration of penicillin through 
and inflamed meninges, 658 
subdural hygroma, 844 
Meningitis: See also Meningococci 
cerebrospinal, sequelae of; analysis of 60 
cases, 131 
etiology of 
*215 
Hemorrhagic: See Meninges, hemorrhage 
penetration of penicillin through normal 
and inflamed meninges, 658 
pneumococcic; penicillin treatment 
fants, 133 
recurrent meningococcal, 664 
Serosa Circumscripta Spinalis: See Arach- 
noid, inflammation 
Meningococci: See also under Meningitis 
infections with reference to certain diag- 
nostic considerations; analysis of 37 
cases, 663 
meningococcemia ; 
picture and comparison of 
sulfadiazine and penicillin in 
of 30 cases, 802 
Meningoencephalitis : 
ingitis 
Mental Diseases: 
mentia Precox; 


See also Brain, 
arteriovenous 
their diagnosis 


hemorrhage 
aneurysms of 
and treatment, 


hem- 


con- 


normal 


optochiasmatic arachnoiditis, 


in in- 


description of clinical 
efficacy of 
treatment 


See Encephalitis; Men- 


See also Children; De- 
Insanity; Mental Hy- 
giene; Neuroses and Psychoneuroses ; 
Personality ; Psychiatry; etc. 

causes of failure in treatment with elec- 
tric shock; analysis of 38 cases, *337 

cholesterol in spinal fluid in some psy- 
choses, 663 

effect of age, head resistance and other 
physical factors on stimulus threshold of 
electrically induced convulsions, 659 

electric convulsive therapy; 3 years’ 
perience, 133 

electroconvulsion therapy in 
in general hospital, 430 

endocrine and mental disorders 
anterior poliomyelitis, 428 

fall in plasma protein level associated with 
rapid gain in weight during course of 
electroshock therapy, *476 

involutional psychosis; course when un- 
treated and when treated with electric 
shock, *385 

losses and gains in cognitive functions as 
related to electroconvulsive shocks, 249 

procedure of hospitalizing patient, 265 

prognostic significance of incidental acute 
somatic disorders in course of psychoses; 
reevaluation of 5 cases 14 years later, 
*646 

psychosomatic regression in therapeutic epi- 
lepsy, 

reflex studies 
*481 


ex- 
301 patients 


in acute 


in electroshock treatments, 


INDEX TO 
Mental Diseases—Continued 
transient hemiplegia following electrocon- 
vulsive treatment, *229 
twilight state with intense excitement fol- 
lowing thalamic disease, 130 
Mental Hygiene; announcement of fellowships 
for training in child guidance clinic 
psychiatry, 537 
appointments to National Advisory Mental 
Health Council, 801 
child guidance clinic in Orange and Ma- 


plewood, N. J., 802 
resignation of Dr. Nathan Blackman as 
chief psychiatrist, Mental Hygiene Clinic, 
803 
Mental Tests: See also 
losses and gains in cognitive functions as 
related to electroconvulsive shocks, 249 
mental measurement; 100 years of progress, 
*76 
psychologic 


Personality 


appraisal of children with 


neurologic defects, 248 
use of content analysis in Rorschach in- 
terpretation; differential characteristics 


of male homosexuals, 251 


Merritt, H. H.: New anticonvulsants, 541 

Mesencephalon: See Brain 

Metabolism : See under specific headings, 
as Brain; ete. 

Metals, Poisoning: See under names of 
metals, as Lead; etc. 

Metrazol; activation of seizures and electro- 
encephalographic disturbances in epilep- 
tic and in control subjects with ‘‘metra- 


zol,”’ *691 
Meynert Commissure: 
Micturition : Urination 
Midbrain : Brain 
Migraine and sympathetic nervous pathways, 

420 
Military Medicine: 

Aviators ; 

neuroses ; 


See Optic Chiasm 
See 
See 


See also Aviation and 
Hospitals ; Neuroses and Psycho- 
Veterans; Wounds; ete. 


epidemic of anterior poliomyelitis; some 
unusual findings, 427 

follow-up study of men with penetrating 
injury to brain, *511 

incidence of personality disturbances and 
their relation to age, rank and duration 
of hospitalization in patients with medi- 
cal and surgical disorders in military 
hospital, 801 

insulin subshock (subcoma) treatment of 


psychoses and psychoneuroses, *184 
lumbosacral roentgenograms of 100 soldiers, 
135 
meningococcemia: description of clinical 
picture and comparison of efficacy of sul- 


fadiazine and penicillin in treatment of 
30 cases, 802 


neurologic effects of blast injury, 258 

pallhypesthesia; depression of appreciation 
of vibration in trauma and in disease; 
preliminary report, *292 

phantom limb, 424 


problems in post-traumatic epilepsy, 254 


psychiatric diagnosis in military service, 
267 
psychoneurosis, combat—anxiety type, 420 


schistosomiasis of central nervous system ; 
experiences in World War II and review 


of literature, *141 
Mind, body and mind; bodily reactions dur- 

ing abreaction, 802 
body and mind; prognostic significance of 
incidental acute somatic disorders in 


course of psychoses; reevaluation of 5 
cases 14 years later, *646 
body and mind; psychosomatic 

allergic disorders, 682 
Diseases: See Dementia Precox; 
ty; Mental Diseases; etc. 
Miosis : Pupils, dilatation 
Monoaminophosphatides: See Lipoids 
Morvan’s Chorea: See Chorea 
Most, H.: Schistosomiasis of central nervous 
system; experiences in World War II 
and review of literature, *141] 
Motoneurons: See Neurons 
Movements: See also Muscles 
Disorders: See Chorea; Parkinsonism; etc. 
syndrome of temporal acceleration and re- 
tardation of time, 667 
Murder: See Crime and Criminals 
Muscles, Atrophy: See Atrophy, 
denervated, metabolic factors 
fibrillation in, 245 
Dystrophy: See Dystrophy, 


aspects of 
Insani- 


See 


muscular 
affecting 


muscular 
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Muscles—C ontinued 
electromyographic studies on 
section and suture of sciatic 
correction, 803 
electromyographic study of defects of neuro 
muscular transmission in poliomyelitis 
436 
Fatigue: See Fatigue 
Paralysis: See Paralysis 
reinnervation of paretic muscles by 
their residual nerve supply, 418 
studies on neuromuscular dysfunctions 
neostigmine therapy of chronic disability 
following fractures, 133 
Myasthenia Gravis in 9 year old boy, 546 
Myelin: See under Brain; Nerves; Nervous 
System 
Myeloma, multiple, 
neuritis, *378 
Myelopathy: See Spinal Cord 
Myocardium: See Heart 
Myogram: See Muscles 
Myopathy: See under Muscles 
Myotonia Atrophica: See Dystrophy, muscu- 
lar 
Dystrophica : 


cats” after 
nerve, 438 


use ot 


complicating peripheral 


See Dystrophy, muscular 
Narcoanalysis: See Anesthesia 
Narcolepsy: See Sleep 
Narcosis: See Anesthesia 
Neck; headache; common 
cal disk lesions; report of cases, *605 
Necrosis: See Pituitary Body 
Neoplasms: See Cancer; Sarcoma 
Neostigmine: See under Nerves 
Nephritis with relapsing fever and subarach 
noid hemorrhage, 132 
Nephrosis: See Nephritis 
Nerves: See also Nervous System; 


symptom of cervi- 


Neuralgia ; 


Neuritis; Paralysis 
Block: See Anesthesia 
Cells: See Neurons 


effect of diisopropyl fluorophosphate 
on action potential and choline 
of, 244 

electromyographic study of defects of neuro- 
muscular transmission in poliomyelitis 
436 

glossopharyngeal neuralgia 
transtonsillar section of, 431 

guides for nerve regeneration 


» 


(DFP) 


esterase 


treated by 


across gaps, 
intraneural stimulation, 253 


metabolic factors affecting filbrillation in 


denervated muscle, 245 
motor; responses of single human motor 
units to electrical stimulation, 798 
neurinoma of twelfth cranial nerve, 828 


Optic: See 


Paralysis: 


Neuritis, optic 

See Paralysis 

peripheral; centrifugal deterioration of 
asphyxiated peripheral nerves, 796 

peripheral, cutaneous distribution in rhesus 
monkeys as determined by electrical skin 
resistance method, 654 

peripheral; pain on stimulating distal seg- 


ments of divided peripheral nerves, 79% 
peripheral, problem of injuries, 253 
reinnervation of paretic muscles by use of 

their residual nerve supply, 418 
relation between fiber diameter and action 

potential of single nerve fibers, 245 
Sciatic: See also Sciatica 
sciatic, electromyographic studies on cats 

after section and suture of, 438; correc- 

tion, 803 
sciatic; role of afferent impulses in ex- 

perimental convulsions, *718 


studies on neuromuscular’ dysfunction 
neostigmine therapy of chronic disabili- 
ty following fractures, 133 


tensile strength of human nerves; experi- 
mental physical and _ histologic study, 
*322 

Trigeminal: See also Neuralgia 

trigeminal; winking-jaw phenomenon, *734 

Nervous System: See also Brain; Cerebel- 

lum; Nerves; Neurons; Reflex; Spinal 
Cord; ete. 

Blocking: See Anesthesia 

central nervous system resistance; effects 


of temporary arrest of cerebral circula- 
tion for periods of 2 to 10 minutes, 125 
Diseases : See also Epilepsy; Mental 
Diseases; Neuritis; Neuroses and Psycho 


neuroses; etc. 
diseases; fatal cryptogenic neuropathy, 
diseases; lesions of central nervous sys- 


tem produced by carbon monoxide poison- 
ing, 800 
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diseases; schistosomiasis of central nerv- 
ous system; experiences in World War 
Il and review of literature, *141 

disseminated, diffuse and 
demyelination of central 
tem, 659 

disturbances due to anoxia and 
factors in flying personnel, 813 

effects of lowering blood pu on excitabili- 
ty of, 243 

effects of 


nervous sys- 


related 


subarachnoid installation of 
therapeutic concentrations of penicillin 
solution on central nesvous system, 799 

injury of central nervous system resulting 
from decompression to simulated high 
altitudes, *445 

integration; 100 years of progress, *88 

metastatic tumors of central nervous sys- 
tem; intracerebral metastases as only 
evidence of dissemination of visceral 
cancer, *635 

migraine and 
ways, 420 


sympathetic nervous path- 


neurologic effects of blast injury, 258 

pain disturbances associated with certain 
war wounds, 810 

resting and action potentials in single 
nerve fibers, 126 

Surgery: See Brain, surgery 

Syphilis: See Neurosyphilis 

Tumors: See Neurinoma; Neurofibroma- 
tosis; etc. 

vitamins and chemistry of; 100 years of 


progress, *78 
Nervousness : See 
neuroses 
Netsky, M. G.: 

epilepsy, 254 
Neuralgia: electrical stimulation of 
thoracic portion of sympathetic 
in man, 559 
glossopharyngeal, treated by 
lar section of nerve, 431 
pain disturbances associated 
war wounds, 810 
Neurinoma of twelfth cranial nerve, 828 
refractory sciatica due to intraspinal extra- 
dural neurinoma, 670 
Lumbosacral: See Sciatica 
multiple; arsenical polyneuritis, 841 
multiple; fatal cryptogenic neuropathy, 678 


Neuroses and Psycho- 


Problems in post-traumatic 


upper 
chain 


transtonsil- 


with certain 


optic clinical picture of  retrobulbar 
neuritis associated with intracranial 
tumors, 426 

peripheral, complicating multiple myeloma, 
*378 

Sciatic: See Sciatica 


Neurofibromatosis of cauda equina, refractory 
sciatica due to, 807 
Neurohypophysis: See Pituitary Body 
Neurology: See also Nerves; Nervous Sys- 
tem; Neuropsychiatry ; Neuroses and Psy- 
choneuroses; etc. 
one hundred years of progress in neurology, 
psychiatry and neurosurgery, *63 
postgraduate course in psychiatry and 
neurology, 690 


residency program, Veterans Administra- 
tion Hospital, 802 
Neuronitis: See Neuritis, multiple 


Neurons: interaction of nerve impulses in 
gray matter and on nature of central in- 
hibition, 653 

studies on choline acetylase; formation of 
acetylcholine in nerve axon, 417 

subdural hematoma; experimental 
*360 

tracts and cortical function; 100 years of 
progress, *85 

Neuropsychiatry: See also Military Medi- 

cine; Neurology; Psychiatry; War; etc. 
neuropsychiatric aspects of porphyria, 130 
residency training program, Veterans Ad- 
ministration, 802 

Neuroses and Psychoneuroses: See also 
Mental Diseases; Nervous System, dis- 
eases; etc. 


study, 


effects of cerebral electric shock on ex- 
perimental neuroses in cats, 555 
insulin subshock (subcoma) treatment of 


psychoses and psychoneuroses, *184 
internal and external causes of anxiety 
in returning veterans, 422 
nature and classification § of 
psychosomatic phenomena, 249 
psychiatric diagnosis in military 

267 
psychoneurosis, combat-—-anxlety 
psychophysiologic relations in 
injuries, 419 


so-called 
service, 


type, 420 
cases with 
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Continued 


Neuroses and Psychoneuroses 
psychosis following lobotomy in case of 
sexual psychopathy; report of case, *302 
role of psychosis in amyotrophic lateral 
sclerosis; report of case, 554 


sleep-electroshock therapy of psychoses, 


*517 
therapeutic role of drugs in process of 
repression, dissociation and _ synthesis, 
128 


Neurosurgery: See Brain, surgery 
Neurosyphilis: See also Tabes Dorsalis 
one hundred years of progress, *66 
in treatment; tabes dorsalis, 
7 


Nicolas-Favre Disease: See 
loma Venereum 

Nicotinamide: See Nicotinic Acid 

Nicotinic Acid: effect of nicotinic acid 
amide [nico inamide] and sodium on gly- 


Lymphogranu- 


colysis and oxygen uptake in brain 
homogenates, 124 
Nissl Granules: See Neurons 
Nomenclature; psychiatric diagnosis in mili- 
tary service, 267 
Nucleus Dentatus: See under Cerebellum 
Lateralis Medullae: See Medulla Oblon- 
gata 
Pulposus: See Spine, intervertebral disks 


Nulsen, F. E.: Electrical stimulation of upper 
thoracic portion of sympathetic chain in 
man, 559 

Intraneural stimulation, 253 
Nutrition: See also Dystrophy ; 
lateral column degeneration 
nutritional defects while 
war in far East, 670 
nutritional disorders in allied repatriates 
and Japanese prisoners of war, 817 


Obituaries: 
Brill, Abraham Arden, 539 
Cheney, Clarence O., 118 
Elsberg, Charles A., 793 
Plant, James Stuart, 121 


Obrador, Clinical 
cysticercosis, *457 
Obsessions: See Dementia Precox; Neuroses 
and Psychoneuroses 
Old Age: See also under Dementia 
effects of vitamin and hormone 
on senile patients, 246 
etiology of optochiasmatic 
Oligodendroglioma of brain; postoperative 
period of survival of 25 patients, *334 


Vitamins 
following 
prisoners of 


cerebral 


aspects of 


treatment 


arachnoiditis, 


of cerebellum, *404 
Olivary Body:: See Medulla Oblongata 
Olivecrona, H.: Arteriovenous aneurysms of 
brain; their diagnosis treatment, 
*567 
Ophthalmoplegia: See Eyes, paralysis 
Optic Chiasm; etiology of optochiasmatic 
arachnoiditis, *215 
Optic Disk: See Nerves, optic 
Choked: See Neuritis, optic 
Thalamus: See Thalamus 


Oriental Schistosomiasis: See Schistosomiasis 


Osteitis deformans:; cerebral involvement by 
osteogenic sarcoma associated with 
Paget's disease of skull, *99 

Osteomyelitis; staphylococcal spinal  osteo- 
myelitis with acute extradural abscess. 
428 

Osteoporosis: See under Spine 


Oxygen, deficiency; disturbance of nervous 
system due to anoxia and related factors 
in flying personnel, 813 
effect of nicotinic acid amide [nicotinamide | 
and sodium on glycolysis and oxygen 
uptake in brain homogenates, 124 


Pacchionian Bodies: See Arachnoid 
Paget's Disease of Bones: See Osteitis de- 
formans 
Pain: See also Sensation 
dissociation of pain and temperature sen- 
sibility with lesions of spinal cord, 557 
disturbances associated with certain war 
wounds, 810 
effect of analgesics on intensity of pain ex- 


perienced; preliminary report, 543 
on stimulating distal segments of divided 
peripheral nerves, 798 
Pallhypesthesia: See Vibration 
Palsy: See Paralysis 
Papilledema: See Neuritis, optic 
Paralysis: See also Eyes, paralysis; Hemi- 


plegia; Larynx, paralysis; Poliomyeli- 
tis 


Bell's : 


See Paralysis, facial 
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Paralysis—Continued 

bulbar progressive, and its relation to 
chronic poliomyelitis and amyotrophic 
lateral sclerosis, 247 

Erb’s: See Paralysis, spinal 

facial; herpes zoster auris (‘‘geniculate”’ 
ganglionitis), 671 

Infantile: See Poliomyelitis 

Laryngeal : See Larynx, paralysis 

rehabilitation of patients totally paralyzed 
below waist, with reference to making 
them ambulatory and capable of earning 
their own living; control of urination, 
808 

reinnervation of paretic muscles by use of 
their residual nerve supply, 418 

spinal; tuberculous spine with paraplegia, 


670 
Paranoia: See Dementia Precox 
Paraplegia: See Paralysis, spinal 
Parietal Lobe: See Brain 
Parinaud Syndrome: See Eyes, paralysis 
Parkinsonism: See also Encephalitis 


case of extrapyramidal disease of 12 
years’ duration; follow-up study, 432 

Patch Test: See Anaphylaxis and Allergy 

Pearson, M.: Objective tinnitus aurium; re- 
port of case with recovery after hyp- 
nosis, 265 

Penicillin, effects of subarachnoid installa- 
tions of therapeutic concentrations of 
penicillin solution on central nervous 
system, 799 

penetration through normal and _ inflamed 
meninges, 658 


Therapy : See Meningitis; Neurosyphilis; 
etc. 
Perception: See also Sensation; etc. 


organic mental syndrome with phenomena 
of extinction and allesthesia, *27: 
phenomenon of cutaneous sensory extinc- 
tion, *107 

visual, spatial organization following in- 
jury to brain, *39 

Periodicals; medical journals needed abroad, 
415 

new Viennese journal for nervous diseases, 

Personality disturbances; incidence and their 
relation to age, rank and duration of 
hospitalization in patients with medical 
and surgical disorders in military hos- 
pital, 801 

disturbances; relation to duration of con- 
valescence from acute respiratory infec- 
tions, 800 

identiNceation mechanisms in coronary oc- 
clusion, 129 

problems; relation to onset and = progress 
of multiple sclerosis, *13 

psychologic invalidism thyroidectomized 
patients, 423 


PH See Hydrogen lon Concentration 

Phantom Limb: See Amputation 

Phobias See Neuroses and Psychoneuroses 

Phospholipids: See Lipoids 

Physicians See also Obituaries 

eXamination for medical officers announced, 
115 

Pick's Disease: See Brain, atrophy 

Picrotoxin See Barbital and Barbital De- 
rivatives 

Pituitary Body See also Hypothalamus; 


Sella Turcica 

Cushing syndrome and_ hyalinization of 
basophilic cells, 660 

diabetes insipidus in association with 
postpartum pituitary necrosis, 666 

regulation of pituitary adrenocorticotrophic 
activity during response of rat to acute 
stress, 242 

relation of diencephalic-hypophysial system 
and digestive apparatus, 132 


lasma: See Blood 
Mlasmodium Vivax: See Malaria 
lumbism See under Lead 


eumococci; penicillin treatment of pneumo- 
coccic meningitis in infants, 133 


neumoencephalography See Brain, roent- 
genography 

neumography See Brain, roentgenography 

Poisons and Poisoning: See under names of 


Various substances, as Carbon Monoxide; 
Lead; ete 


olan, ¢ G Causes of failure in treat- 
ment with electric shock; analysis of 38 
cases, *337 
lioencephalitis: See Encephalitis 
: See Encephalomye- 
litis 
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Poliomyelitis: See also Encephalomyelitis 
acute anterior, endocrine and mental dis 
orders in, 428 
anterior; some unusual findings in epi 
demic, 427 
distribution of lesions of brain stem in 
*368 
electromyographic study of defects of 
neuromuscular transmission in, 436 
experimental, effect of stilbestrol on re- 
sistance of, 656 
progressive bulbar paralysis and its rela 
tion to chronic poliomyelitis and amyo 
trophic lateral sclerosis, 247 
role of water in etiology of, 796 - 
spinal fluid in, 551 
spread of infective hepatitis and poliomye- 
litis in Egypt, 807 
Polyneuritis: See Neuritis, multiple 
Polyuria: See Diabetes Insipidus 
Pool, J. ’ain disturbances associated 
with certain war wounds, 810 
Poradenitis : See Lymphogranuloma Vene- 
reum 
Porphyria, neuropsychiatric aspects of, 130 
Position: See Posture 
Postgraduate Education: See Education 
Postmortems: See Autopsies 
Posture; diagnostic importance and mechan 
ism of abnormal positions of head in 
cases of surgical lesions of posterior 
fossa, 425 
Potassium: neurogenic factors in traumatic 
experimental shock and effect of intracis 
ternal injection of, 246 


Pott’s Disease: See Spine, tuberculosis 
Pregnancy: See Puerperium 
Prisons and Prisoners: See also Crime and 


Criminals 

lateral column degeneration following nu- 
tritional defects while prisoners of war 
in far East, 670 

nutritional disorders in allied repatriates 
and Japanese prisoners of war, 817 

Propyl Fluorophosphate; effect of diisopro- 

pyl fluorophosphate (DFP) action 
potential and choline esterase of nerve 
9 


Proteins in Blood: See Blood, proteins 
Psychiatry: See also Crime and Criminals 

Insanity: Jurisprudence, Medical; Men- 
tal Diseases: Neuropsychiatry; Psycho- 
analysis ; Psychology ; Psychotherapy ;: 
War; ete. 

announcement of fellowships child 
psychiatry, 241, 537 

Dr. Daniel Blain becomes medical direc 
tor of American Psychiatric Association 
535 

dynamic; 100 years of progress, *70 

one hundred years of progress in neurolo 
gy, psychiatry and neurosurgery, *63 

opening in child psychiatry with Social 
Welfare Council of Oranges and Maple 
wood, Orange, N. J., 801 

postgraduate course in psychiatry and 
neurology, 690 

psychiatric diagnosis in military service 
267 

residencies in, 537, 8038 

resident training program in, 536 

sociopsychologic structure of SS; psychia 
tric report of Nurnberg trials for wat 
crimes, *622 


Psychoanalysis See also Psychotherapy 
dynamism of anti-Semitism in Gentile and 
Jew, 421 
nature and classification of so-called psy 
chosomatic phenomena, 249 
negative in dreams, 422 
psychoanalytic study of ulcerative colitis 
in children, 423 
sociopsychologic structure of SS; psychia 
tric report of Nurnberg trials for wat 
crimes, *622 
therapeutic use of dreams induced by hyp 
notic suggestion, 422 
use of content analysis in Rorschach in 
terpretation; differential characteristics 
of male homosexuals, 251 
Psychobiology: See Mind, body and mind 
Psychodiagnosis See Mental Tests 
Psychology: See also Memory; Mental Tests; 


Personality; War; ete. 

experimental; 100 years of progress, *68 

psychologic appraisal of children with 
neurologic defects, 248 

sociopsychologic structure of SS; psychia 
tric report of Nurnberg trials for wat 
crimes, *622 
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INDEX TO 


Psychoneuroses : 
neuroses 


See Neuroses and Psycho- 


Psychopathy: See Sex, 

Psychoses: See Insanity; Mental 
Neuroses and Psychoneuroses ; 

Psychosomatic Medicine: See 
and mind 

Psychosurgery: See Brain, surgery 

Psychotherapy: See also Psychoanalysis 

effects of suggestion in treatment of vaso- 


perversion 
Diseases ; 
etc. 


Mind, body 


spastic disorders of extremities, 128 
of ulcerative colitis, 662 
short-term, use of relaxation in, 249 


spasmedic torticollis; results of 
therapy in 21 cases, 252 
Puberty: See Adolescence 
Puerperium; diabetes insipidus in 
tion with postpartum pituitary 
666 
Pupils, dilatation; mechanism of pupillary 
dilatation by cortical stimulation, 797 
postherpetic Argyll Robertson pupil, 839 


psycho- 


associa- 
necrosis, 


Putamen: See Lenticular Nucleus 

Pyramidal Tract; lateral column degeneration 
following nutritional defects while pris- 
oners of war in far East, 670 

Quadfasel, F. A.: Problems’ in post- 
traumatic epilepsy, 254 

Rackemann, F. M.: Intrinsic asthma, 681 

Raney, A. A Headache; common symp- 


tom of cervical disk lesions; report of 


cases, *603 

Raney, R. B.: Headache; common symp- 
tom of cervical disk lesions; report of 
cases, *603 


Rasmussen, T.: Activation of 
electroencephalographic 


seizures and 
disturbances in 


epileptic and in control subjects with 
‘“metrazol,”” *691 
von Recklinghausen’s Disease: See Neuro- 


fibromatosis 
Reconditioning: See Rehabilitation 
Recruits: See Military Medicine 
Reflex: bulbar inhibitory mechanisms in con- 


cussion, 653 

elicited by visceral stimulation in acute 
spinal animal, 420 

modification of meningeal signs by con- 
comitant hemiparesis [Kernig leg sign], 
*485 

posterior tibial; reflex of some value in 


localization of 
disk in lumbar region, 419 

responses to thermal stimuli mediated 
through isolated spinal cord, *754 


protruded intervertebral 


studies in electroshock treatments, *471 
winking-jaw phenomenon, *734 
Refrigeration: See Cold 
Regression, psychosomatic, in therapeutic 
epilepsy, 129 
Rehabilitation : See also Convalescence; 
Hospitals: Military Medicine; Neuroses 
and Psychoneuroses: Old Age; etc. 
patients totally paralyzed below’ waist, 
with reference to making them ambula- 
tory and capable of earning their own 
living: control of urination, 808 
Reimann, D. L.: Cerebral involvement by 
osteogenic sarcoma associated with 


Paget's disease of skull, *99 
Relapsing Fever with nephritis and subarach- 


noid hemorrhage, 132 

Relaxation, use in short-term psychotherapy, 
249 

Research positions at Air University School 
of Aviation Medicine, Randolph Field, 
Texas, 537 

Residencies: See Internship 

Respiratory Tract; relation of personality 


disturbances to duration of convalescence 


from acute respiratory infections, 800 
Restiform Body: See Medulla Oblongata 
Retina: effect of optic and acoustic stimuli 


on cortex and hypothalamus under con- 

ditions of picrotoxin convulsions, *496 
Reynolds, F. W.: Penicillin in treatment of 

neurosyphilis; tabes dorsalis, *347 


Rh Factor: See under Blood 
Rheumatic Fever; chronic rheumatic encepha- 
litis, 262 
etiology of optochiasmatic arachnoiditis, 


Rhines, R.: Distribution of lesions of brain 
stem in poliomyelitis, *368 


Richards, R. K.: New mechanism in inhibi- 


tion of certain experimental convulsions, 
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Rickles, N. K.: Causes of failure in 
ment with electric shock; 


treat- 
analysis of 38 


cases, *337 

Riives, J.: Arteriovenous aneurysms of brain; 
their diagnosis and treatment, *567 

Roentgen Rays, Therapy: See under names 
of organs, regions and diseases 

Rogers, H. M.: Postvaccinal (typhoid) en- 
cephalitis, *233 

Rorschach Test: See Mental Tests; Per- 
sonality 


Ross, 8S. J.: Phenomenon of 
sory extinction, *107 
Roth Neurometer; pallhypesthesia; depres- 

sion of appreciation of vibration in trau- 


cutaneous sen- 


ma and in disease; preliminary report, 
*292 
Rubinstein, H. S.: Sleep-electroshock thera- 


py of psychosis, *517 

Rubrospinal Tract: See Extrapyramidal 
Tract 

Rupp, C.: Metastatic tumors of central 
nervous system; intracerebral mestas- 
tases as only evidence of dissemination 
of visceral cancer, *635 

SS:. See War 

Sarcoma; cerebral involvement by osteogenic 
sarcoma associated with Paget’s disease 


of skull, *99 
Savitsky, N.: Reflex studies in electroshock 


treatments, *481 

Schiller, M. A.: Lead encephaloamyotrophy, 
839 

Schirmer-Sturge-Weber Syndrome: See An- 
gioma; Epilepsy 

Schistosomiasis japonica, cerebral granuloma 
due to, 804 


of central nervous system; 
World War II 
*141 
Schizophrenia: See 
Schutz-Staffel (SS): See War 
Schwarz, G. A.: Subacute combined degener- 
ation of spinal cord occurring in identical 


experiences in 
and review of literature, 


Dementia Precox 


twins, 550 
Sciatica, refractory, due to intraspinal extra- 
dural neurinoma, 670 
refractory, due to  neurofibromatosis of 


cauda equina, 807 
Sclerosis: See also Arteriosclerosis 
amyotrophic lateral; progressive’ bulbar 
paralysis and its relation to chronic 
poliomyelitis and amyotrophic lateral 
sclerosis, 247 
amyotrophic lateral, role of psychosis in; 
report of case, 554 
amyotrophic lateral, trypan red _ therapy; 


preliminary report, *79 
disseminated, diffuse and transitional demye- 
lination of central nervous system, 659 
multiple; etiology of optochiasmatic arach- 


noiditis, *215 
multiple, histamine therapy in, 429 
multiple, relation of personality problems 
to onset and progress of, *13 


Scott, M.: Neurinoma of twelfth cranial nerve, 


828 
Secretions, Internal: See Endocrine Glands 
Sella Turcica: See also Pituitary Body 
chordoma of, 668 


erosion of anterior clinoid processes simu- 


lating that due to intrasellar tumor, *523 
Senile Plaque: See Sclerosis 
Senility: See Old Age 
Sensation: See also Pain; ete. 
phenomenon of cutaneous sensory extinc- 
tion, *107 
Serum: See Blood . 
Sex, perversion; psychosis following lobotomy 
in case of sexual psychopathy; report of 
case, *302 
perversion: study of homosexual adult 
males, 130 
perversion; use of content analysis in 
Rorschach interpretation ; differential 
characteristics of male homosexuals, 251 


Shenkin, H. A.: Postoperative period of sur- 
vival of 25 patients with oligodendro- 
gliomas of brain. 434 

Sherman, I. C.: Dissociation of 
temperature sensibility with 
spinal cord, 557 

Myotonic dystrophy, 842 
Thrombosis of anterior spinal artery, 844 

Shingles: See Herpes zoster 

Shock: circulatory effects of partial cerebral 
ischemia, 654 

neurogenic factors in traumatic experimental 
shock and effect of intracisternal injection 
of potassium. 246 


pain and 
lesions of 


. 


INDEX TO 


Shock—Continued 
Electric: See Dementia Precox; 
therapy; Epilepsy; Mental Diseases ; 
Emotional : Emotions 
Silverstein, A.: Choreoathetotic syndrome fol- 
lowing fracture, with bilateral selective 
softening of globus pallidus (probable fat 
embolism), 829 
Spinal fluid in poliomyelitis, 551 
Skeleton : Bones 
Skin: See also Sensation 
cutaneous distribution of peripheral nerves 
in rhesus monkeys as determined by elec- 
tricai skin resistance method, 654 
phenomenon of cutaneous sensory extinction, 
*107 


Electro- 
etc. 
See 


See 


Skull: See Cranium 
Sleep; hypothalamic regulation in rats, 797 
sleep-electroshock therapy of psychoses, *517 
stupor and shocks; 100 years of progress, 
*79 
Sleeping Sickness: 
Societies; American 
Deficiency, 241 
American Psychiatric Association, Dr. Dan- 
iel Blain becomes medical director, 535 
Bronx Society of Neurology, 690 
Fourth International Neurological Congress, 
532 
Group for Advancement of Psychiatry, 536 
International Conference on Psychosurgery, 


9 


International Congress on Mental Health, 
534 

National Institute of Psychodrama, 538 

Southern Society of Electroencephalography, 
416, 803 

Third National Conference on Pyschodrama, 
Sociodrama, Sociometry and Group Ps 
chotherapy, 415 

Western Society of Electroencephalography, 
117 


See Encephalitis 
Association on Mental 


Society TRANSACTIONS: 
Boston Society of Psychiatry and Neurology, 


253 
Chicago Neurological Society, 554, 838 
New York Academy of Medicine, Section of 

Neurology and Psychiatry, and New York 

Neurological Society, 541, 681 
New York Neurological Society, 673, 
Philadelphia Neurological Society, 432, 

R92 


810 
546, 


Philadelphia Psychiatric Society, 264 


structure of SS; 
of Nurnberg trials for 


Sociology ; sociopsychologic 
psychiatric report 
war crimes, *622 

Sodium Chloride; effect of introduction of 
isotonic sodium chloride solution into cis- 
terna magna of dog on cell content of 
spinal fluid, 127 

Soldiers: See Military Medicine; 
and Psychoneuroses; etc. 

Somnolence: See Sleep 

Space; spatial organization of visual 
ception following injury to brain, *39 

Spasm: See Chorea; Convulsions; Epilepsy ; 
etc. 

Sphingomyelin : Lipoids 

Spiegel, E.: Physiopathologic mechanisms with 
reference to midbrain and hypothalamus, 
837 

Spiegel-Adolf, M.: Physicochemical studies of 
cerebrospinal fluid, 836 

Spinal Cord: See also Meninges:; 
System; Pyramidal Tract; etc. 

dissociation of pain and temperature sensi- 
bility with lesions of, 557 

ependymoma in third and fourth 
with implants in spinal 
spaces, *408 

hemodynamic and biochemical changes in 
dogs subjected to section of, 124 

Inflammation: See Myelitis 

injuries, medicolegal aspects of, 669 

injuries; rehabilitation of patients totally 
paralyzed below waist, with reference to 
making them ambulatory and capable of 
earning their own living; control of 
urination, 808 

interaction of nerve impulses in gray matter 
and on nature of central inhibition, 653 

intramedullary granuloma of; clinicopatho- 
logic study, 826 

reflexes elicited by visceral stimulation in 
acute spinal animal, 420 

refractory sciatica due to neurofibromatosis 
of cauda equina, 807 


Neuroses 


per- 


See 


Nervous 


ventricles 
subarachnoid 
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Spinal Cord—Continued 
responses to thermal stimuli 
through isolated spinal cord 
subacute combined degeneration 
in identical twins, 550 
Syphilis: See Neurosyphilis 

Spinal Fluid: See Cerebrospinal Fluid 

Spine, abscess; staphylococcal spinal osteo 
myelitis with extradural abscess, 428 

headache ; common symptom of cervical disk 
lesions; report of cases, *603 

intervertebral disk, anatomophysiologic as- 
pects of injuries to, 427 

intervertebral disk: end result study, 427 

intervertebral disk, pathologic, and its conse- 
quences, 806 

intervertebral disk; posterior 
reflex of some value in 
protruded intervertebral 
region, 419 

intervertebral disk; 
of herniation of 
disk, 135 

lumbosacral roentgenograms of 100 soldiers 
135 

refractory sciatica due to intraspinal extra 
dural neurinoma, 670 

roentgenographic observation in age, atrophy 
and osteoporosis of, 136 

tuberculosis, with paraplegia, 670 

Staphylococci; staphylococcal spinal osteo 
myelitis with acute extradural abscess, 428 

Status Epilepticus: See under Epilepsy 

Stilbestrol: See Estrogens 

Stimulation; effect of optic and acoustic 
stimuli on cortex and hypothalamus under 
conditions of picrotoxin convulsions, *496 

organic mental syndrome with phenomena of 
extinction and allesthesia, *273 

role of afferent impulses in experimental 
convulsions, *718 

Stomach: See Gastrointestinal Tract 

Strauss, H.: Electroencephalogram 
brovascular disease, *395 

Stupor, sleep and shocks; 100 years of prog- 
ress, *79 

Sturge-Weber Syndrome: See Angioma 

Subarachnoid Space: See Meninges 

Subdural Spaces: See Meninges 

Subthalamus: See Hypothalamus 

Sulfonamides, Therapy: See Meningococci; 
etc. 

Sullivan, D. J.: 
treatment of 
neuroses, *184 

Sunderman, F. W.: 
litis, 551 

Supraoptic Commissure: See Optic Chiasm 

Suprarenals: See Adrenals 

Surgery: See Apparatus; and under names of 
organs and regions, as Brain; Nervous 
System; Spinal Cord; etc. 

Sutures; occasional appearance of both 
and outer suture lines in 
of skull simulating fissure fractures, 135 

Sympathectomy: See also Neuralgia 

electrical stimulation of upper thoracic por- 
tion of sympathetic chain in man, 559 

Syphilis: See also Neurosyphilis; and 

names of organs and regions 
etiology of optochiasmatic arachnoiditis 
*215 


mediated 
*754 


occurring 


tibial reflex 
localization of 
disk in lumbar 


roentgenographic signs 
cervical intervertebral 


in cere- 


Insulin subshock (subcoma) 


psychoses psycho- 


Spinal fluid in poliomye- 


inner 
roentgenograms 


unde! 


pallhypesthesia; depression of 
of vibration in trauma 
preliminary report, *292 


appreciation 
and in disease 


Tabes Dorsalis: See also Neurosyphilis 
penicillin in treatment of neurosyphilis, *347 
Temperature: See also Cold 
dissociation of pain and temperature sensi- 
bility with lesions of spinal cord, 557 
Tension: tensile strength of human nerves 
experimental physical and histologic study 
299 
Teuber, H. L.: Spatial organization of visual 
perception following injury to brain, *39 
Thalamus’® twilight state with intense excite 
ment following thalamic disease, 130 
Thorner, M. W.: Modification of meningeal 
signs by concomitant hemiparesis, *485 
Thromboangiitis obliterans; etiologic factors of 
thromboendarteritis obliterans, von Wini- 
warter-Buerger type, in granular atrophy 
of cortex, 799 
obliterans of brain, 660 
Thrombosis: See also Embolism 
electroencephalogram in cerebrovascular 
disease, *395 
of anterior spinal artery, 844 
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| 
| 
| 


858 INDEX TO 


Thyroid, hypothyroidism; pallhypesthesia; de- 
pression of appreciation of vibration in 
— and in disease; preliminary report, 

292 
prognosis of recurrent nerve 
following thyroidectomy, 672 
psychologic invalidism in thyroidectomized 
patients, 423 

Thyroidectomy: See under Thyroid 

Ticks: See Relapsing Fever 

Tigay, E.: Myotonic dystrophy, 842 

Tillotson, K. J.: Fall in plasma protein level 
associated with rapid gain in weight dur- 
ing course of electroshock therapy, *476 

Hemoconcentration after electrically induced 
convulsions in man, *29 

Modification by curare of circulatory 
changes during electrically induced con- 
vulsions in man; note on d-tubocurarine, 
*469 

Time, syndrome of temporal acceleration and 
retardation of, 667 

Tinnitus aurium, objective; report of 
with recovery after hypnosis, 265 

Tissue; effect of growth on lipid composition 
of rat tissues, 242 

Todd, J. C.: Spinal fluid in poliomyelitis, 551 

Subacute combined degeneration of spinal 
cord occurring in identical twins, 550 

Tonsils ; glossopharyngeal neuralgia treated by 
transtonsillar section of nerve, 431 

Torcular Herophili: See Dura Mater 

Torticollis; case of extrapyramidal disease of 
12 years’ duration; follow-up study, 432 

spasmodic: results of psychotherapy in 21 
cases, 252 

Touch; organic mental syndrome with pheno- 
mena of extinction and allesthesia, *273 

Toxicomania: See under names of drugs 

Tractus Solitarius: See Medulla Oblongata 

Transference: See Psychoanalysis 

Transplantation: See Nerves 

Trauma: See also under 
Spinal Cord: ete. 

etiology of optochiasmatic 
*215 

neurogenic factors in traumatic experimental 
shock and effect of intracisternal injection 
of potassium, 246 

Tremor: See Parkinsonism 

Tridione: See Epilepsy 

Troncelliti, E. T.: Myasthenia gravis in 9 
year old boy, 546 

Trypan Red Therapy: See Sclerosis 

Tuber Cinereum: See Hypothalamus 

Tuberculosis: See under names of organs, 
regions and diseases, as Spinal Cord; ete. 

Tuberculum Sellae: See Hypothalamus 

Tubocurarine: See Curare 

Tumors: See Angioma; Chordoma; Epen- 
dymoma; Myeloma; Neurinoma ; Oligoden- 
droglioma; Sarcoma; ete.; and under 
names of organs and regions, as Brain; 
Spinal Cord; ete. 

Turner, O. A.: Growth and development of 
cerebral cortical pattern ‘in man, *1 
Twins, identical, subacute combined degener- 
ation of spinal cord occurring in, 550 
Typhoid: postvaccinal (typhoid) encephalitis, 
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paralysis 


case 


Brain; Head; 


arachnoiditis, 


Unconscious: See Psychoanalysis 
Urination: rehabilitation of patients totally 
paralyzed below waist, with reference to 
making them ambulatory and capable of 
earning their own living; control of 
urination, 808 
Vaccination, Encephalitis Following: See 
under Encephalitis 
Vasomotor System: See also Arteries; 
vous System Sympathectomy; ete. 
effects of suggestion in treatment of vaso- 
spastic disorders of extremities, 128 
pain disturbances associated with certain 
war wounds, 810 
Vasospasm: See Vasomotor System 
Veins See Embolism; Thrombosis; 
motor System; ete 
Pressure in: See Blood pressure 
Venereal Diseases: See Neurosyphilis; 
lis; ete. 
Ventriculography : See Brain, roentgenography 
Vertebrae: See Spine 
Vertigo, aural; Méniére’s famous autopsy and 
its interpretation, 671 


Ner- 


Vaso- 


Syphi- 
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Vestibular Apparatus: See Ear 
Nuclei: See Medulla Oblongata 
Veterans; internal and external causes of 
anxiety in returning veterans, 422 
Veterans Administration, residencies in psy- 
chiatry, 803 
residency program in neurology, Veterans 
Administration Hospital, 802 
residency training program in 
chiatry, 802 
Vibration; pallhypesthesia; depression of ap- 
preciation of vibration in trauma and 
in disease; preliminary report, *292 
Victor, S. A.: Crossed cerebral lesions; left 
hemiparesis and right homonymous hemi- 
anopsia, 843 
Viruses: See Herpes; Poliomyelitis; etc. 
Viscera; metastatic tumors of central nervous 
system; intracerebral metastases as only 
evidence of dissemination of viscera] can- 
cer, *635 
reflexes elicited by visceral stimulation in 
acute spinal animal, 420 
Vision; relative hemianopsia, 667 
spatial organization of visual 
folowing injury to brain, *39 
Sturge-Weber syndrome, *504 
visual fields in hydrocephalus, 665 
Vital Red: See Sclerosis 
Vitamins: See also Nicotinic Acid 
and chemistry of nervous system; 100 years 
of progress, *78 
effects of vitamin and hormone treatment 
on senile patients, 246 
Vocal Cords, Paralysis: See Larynx, paralysis 
Voris, H. C.: Sturge-Weber syndrome, *504 


neuropsy - 


perception 


Cerebral involvement by osteo- 


Wagner, J. A.: 
with Paget's 


genic sarcoma associated 
disease of skull, *99 
Walker, A. E.: Cortical activity in cases of 
post-traumatic epilepsy, 558 
Electrical stimulation of upper thoracic por- 
tion of sympathetic chain in man, 559 
Problems in post-traumatic epilepsy, 254 
Wall, J. H.: Clarence O. Cheney, 118 
War: See also Aviation and Aviators; Mili- 
tary Medicine; Veterans; Wounds; etc. 
dynamism of anti-Semitism in Gentile and 
Jew, 421 
lateral column degeneration following nu- 
tritional defects while prisoners of war in 
far East, 670 
nutritional disorders in allied 
and Japanese prisoners of war, 817 
sociopsychologic structure of SS; psychia- 
tric report of Nurnberg trials for war 
crimes, *622 
Wartenberg, R.: 
*734 
Water, role in etiology of poliomyelitis, 796 
Waterhouse-Friderichsen Syndrome: See Ad- 
renals, hemorrhage 
Weber-Sturge Syndrome: See Angioma 
Weight; fall in plasma protein level associated 
with rapid gain in weight during course 
of electroshock therapy, *476 
Weiss, E.: Psychosomatic aspects of allergic 
disorders, 682 
Werdnig-Hoffmann 
muscular 
Winiwarter-Buerger Disease: 
anglitis obliterans 
Winking-jaw phenomenon, *734 
Wolff, H. G.: Effect of analgesics on intensity 
of pain experienced; preliminary report, 
543 


repatriates 


Winking-jaw phenomenon, 


Paralysis: See Atrophy, 


See Thrombo- 


Wortis, 8. 
phenomena 
*273 

Wounds : 


Organic mental syndrome with 
of extinction and allesthesia, 


Medicine 
with 


War 
certain 


Military 
associated 


See also 
disturbances 
810 


pain 
war wounds, 
Wry-Neck: See Torticollis 
Wycis, H. T.: Mechanical 
spinal fluid in cerebral concussion, 
Neurinoma of twelfth cranial nerve, 
Oligodendroglioma of cerebellum, *404 


cerebro 
R36 
828 


role of 


Yaskin, J. C.: 
of 12 years’ 
432 

Yohalem, S. B.: Peripheral neuritis 
cating multiple myeloma, *378 


Case of extrapyramidal disease 
duration; follow-up study, 


compli- 


Zona: See Herpes zoster 
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